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BARLEY GENE FOR THIOREDOXIN AND NADP-THIOREDOX1N REDUCTASE 

This application claims the benefit of the filing date of application Serial No. 60/127,198, filed March 
31, 1999 pending, application Serial Nc 60/169,162, filed December 6, 1999, pending; application 
Serial Nc. 60/177,740 filed January 21 , 2000, pending; and application Serial No. 60/177,739, filed 
January 21 . 2000, pending, all cf which are expressly incorporated by reference in their entirety. 
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Agriculture. The Government has certain rights to this invention. 

BACKGROUND OF THE INVENTION 

Thioredoxins are small (about 12 kDa) thermostable proteins with catalyticaily active disulfide groups. 
This class of proteins has been found in virtually all organisms, and has been implicated in myriad 
biochemical Dathways (Buchanan ef a/.. 1994). The active site of thioredoxin has two redox-active 
cysteine residues in a highly conserved amino acid sequence; when oxidized, these cysteines form a 
disulfide bridge (-S-S-) thai can be reduced to the sulfhydryl (-SH) level through a varietpof specific 
reactions. In physiological systems, this reduction may be accomplished by reduced ferredoxin, 
NADPH, or other associated thioredoxin-reducing agents. The reduced form of thioredoxin is an 
excellent catalyst for the reduction of even the most intractable disulfide bonds. 

Generally only one kind of thioredoxin is found in bacterial or animal cells. In contrast photosynthetic 
organisms have three distinct types of thioredoxinr Chloroptasts contain a ferredoxin/thioredoxin 
system comprised of ferredoxin, ferredoxtn-thioredoxin reductase and thioredoxins / and m. which 
function in the light regulation of photosynthetic enzymes (Buchanan, 1991; Scheibe. 1991; Vogt ef a/, 
1986). The other thioredoxin enzyme system is analogous to that established for animals and most 
microorganisms, in which thioredoxin </?-type in plants) is reduced by NADPH and NADPH-thioredoxin 
reductase (NTR) (Johnson era/., 1987a; Florencio etai, 1988; Suske eta!., 1979). The reduction of 
thioredoxin h by this system can be illustrated by the following equation: 

NTR 

NADPH + H* •+ Thioreaoxin h m ~^ NADP + Thioreaoxin 

Some piant species contain a family of closely related thioredoxin h proteins, which probably perform 
different physiological functions. Specific plants in which multiple thioredoxin h proteins have been 
found include spinach (Florencio ef a/., 1988). wheat (Johnson et a/., 1987), rice (Ishiwatari ef a/., 
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1 1995). ana Arabidopsts (Rivera-Maarid et at.. 1995). The type-n thioreaoxin was discovered 

considerably after the discovery of the m and / types, and because of this mucn less is known about 
this cytosolic thioreaoxin and its pnysioiogicai functions. Consiaeraoie worn is currently directea 
toward studying thioredoxin h proteins (Besse and Buchanan. 1997). 

6 Thioreaoxin h is widely distnbuteo in plant tissues ano exists in mitochondria, endoplasmic reticulum 
(ER) and the cytosol (Boaenstem-Lang et a/.. 1989; Marcus era/., 1991; Vogt el at. 1986). Plant 
thioreaoxin h is involved in a wide vanety of biological functions. Thioredoxrn h functions in the 
reduction of intramolecular disulfide oridges of a variety of low molecular-weight cystine-rich proteins, 
including thionins (Johnson er a/., 1987b), prorease inhibitors and chlorotorm/methanof-solubte 

i 1 proteins (CM proteins) (Kobrehei et aL, 1991 ). It is likely that cytoplasmic thioredoxins participate in 
developmental processes: for example thioredoxin h has been shown- to function as a signal to 
enhance metabolic processes during germination and seedling development (Kobrehei et a/., 1992; 
Lozano et aL, 1996; Besse et at., 1996). Thioredoxin h has also been demonstrated to be involved in 
self-incompatibility in Pbataris coerviescens (Li et at., 1995) and Brasssca napus (Bower et a/., 1996). 

16 Several functions have oeen nyoothesizec for rice thioredoxin h, which is believed to be involved in 
translocation in sieve tubes (Ishiwatari et a/., 1995). 

Uses of thioredoxin include incorporation into hair care products (U.S. Patent No. 4,935.231) and 
neutralization of certain venoms and toxins (see U.S. Patent No. 5,792,506). Recent research into 

21 thioredoxin activity has also focused on harnessing the reducing power of this protein for food 

technology. For example, U.S. Patent Nc. 5.792,506 to Buchanan (Neutralization of Food Allergens by 
Thioredoxin), and Buchanan er aL (1998} describe the use of thioredoxin to reduce the aflergenictty of 
fooas through thioredoxin-mediated reouction of intramolecular disulfide bonds found in various 
allergenic food proteins (e.g., in milk, soya and wheat proteins) (Buchanan et a/., 1997; del Vai et a/., 

26 1999). In addition, it has been snown that reduction of disulfide protein allergens in wneat and milk by 
thioredoxin decreases their allergenicity (Buchanan era/., 1997; del Vai era/.. 1999). Thioredoxin 
treatment also increases the digestibility of the major allergen of milk (P-iactogiobuiin) (del Vai er a/., 
1999), as well as other disulfide oroteins (Lozano er a/., 1994; Jiao er a/., 1992). 

31 Thioredoxin h has been shown to be useful as a food additive to enhance the baking qualities of cereal 
flour (Bright er at., 1983). For examDie. irnorovement in dough strength and bread quality properties of 
poor-auatity wheat flour results from the addition of thioreaoxin (Wong er aL, 1993; Kobrehei et aL, 
1994). This nas been attrioutaDie to the thioredoxm-catatyzea reduction of intramolecular disulfide 
bonas in the flour proteins, specifically the gtutentns. resulting in the formation of new tntermolecuiar 

36 aisulfide bonds (Besse and Buchanan, 1997). Thus, the addition of exogenous thioredoxin promotes 
the formation of a protein network that oroouces flour with enhanced baking quality. Kobrehei et at., 
(1994) have observed that the addition of thioreaoxin h to flour of non-glutenous cereals such as rice, 
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maize ana sorghum promotes the formation of a aougn-Jike product Hence, the addition of exogenous 
thtoreaoxin may oe used to produce oatung aougn from non-glutenous cereals. 

cONA clones encoding thtoreaoxin h nave been isolated from a number of piant species, including 
Arabidopsis thaiiana (Rivera-Madrid et a/., 1993; Rivera-Maarid at al., 1995). Nicotiana tabacum 
(Many and Meyer, 1991; Brugidou era/., 1993), Oryza sattva (Ishtwatari eta/., 1995), Brassica napus 
(Bower etai., 1996), Glycine max (Shi and 3hattacharyya, 1996), and Triticum aestivum (Gautier et 
aL 1998). 

Thioredoxin and NTR were first characterized in Escherichia coli as the hydrogen donor system for 
ribonucleotide reductase (Laurent et aL, 1964^ Moore et a/., 1964) The £. coli NTR gene has been 
isolated (Russet and. Model, 1988) and the three-dimensional structure of the protein has been 
anaiyzed*(Kuriyan ef a/., 1991). Some other NTR genes have been isolated and sequenced from 
bacteria, fungi and mammals. Recently, Jacquot et at. (1994) have reported a successful isolation and 
sequencing of two cDNAs encoding the plant Arabidopsis thaiiana NTRs. The subsequent expression 
of the recombinant A. thaiiana NTR protein in £. coli cells (Jacquot et al M 1994) and its first eukaryotic 
structure (Dai et al., 1996) have also been reported. 

Thioredoxin and NTR were first characterized in Escherichia coli as the hydrogen donor system for 
ribonucleotide reductase (Laurent era/., 1964; Moore et aL 1964) The £ coli NTR gene has been 
isolated (Russei and Model, 1988) ana the three-dimensional structure of the protein has been 
analyzed (Kuriyan et al. ( 1991). Some other NTR genes have been isolated and sequenced from 
bacteria, fungi, and mammals. Recently, Jacquot eta/.. (1994) have reported a successful isolation 
ana sequencing of two cDNAs encoding the plant Arabidopsis thaiiana NTRs. The subsequent 
expression of the recombinant A. thaiiana NTR protein in £ coli cells (Jacquot et aL, 1994) and its first 
euicaryotic structure (Dai et al. t 1996) have also been reported. 

Here we report isolated nucleic abas encoding the barley genes for thioredoxin h and NADP- 
thioredoxin reductase; isolated baney thioredoxin h and NADP-thioredoxin reductase proteins, and 
methods of use. 

SUMMARY OF THE INVENTION 

The invention provides isolated nucleic adds encoding oartey thioredoxin and NADP-thioredoxin 
reauctase proteins and methoas of use. 

in other asDect the invention provides exoression vectors comprising nucleic acids encoding barley 
tnioreaoxm and NADP-thioreaoxin and transformed host cells. Accordingly, the invention provides 
metnoas of expressing an isolated baney thioreaoxm and NADP-thioredoxtn reductase polypeptides. 
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tn a further asDect the invention provia s transgenic plants compnsing the expression vectors. In a 
preferred embodiment, me transgenic Dtants overexpress bariey thioredoxin and NADP-thioreaoxtn 
recuctase polypeptides. The polypeptides of the invention, expressed in a transgenic plant either 
aione or tn combination alters the redox status of a Dtant in comparison to a nontransgenic plant of tne 
same species, in a preferred embodiment, the expressed polypeptide transgene alters the redox 
status of a seed or grain, thereby altering the biochemical and biological properties of a seed or grain. 
The seed or grain provides advantages in increased germination efficiency, decreased allergenic^, 
increased protein solubility, increased digestibility. 

in another aspect, the invention provides methods of expressing a barley thioredoxin or NADP- 
thioreaoxtn reductase polypeptiaes. 

In yet another asoect. the invention orovides of expressing a barley thioredoxin or NADP-thioreaoxin 
reductase polypeptide. Accordingly, the invention provtaes isolated barley thioredoxin or NADP- 
thioreaoxin reductase polypeptides. 

In still yet another aspect the invention provides methods of identifying a bioactive agent that binds 
and preferably reduces a biological activity of a barley thioredoxin or NADP-thioredoxin reductase 
polypeptide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a comparison of the amino acid sequences of bariey thioredoxin h and two wheat 
thioreooxin h proteins. 

Figure 2 shows a companson of the nucleic acid sequence encoding baney thioredoxin h and two 
wheat thioredoxin h molecules, and a consensus sequence derived by the companson of these three 
sequences. The BTRX/7 and wheat Trxh have about 90% sequence identity from positions 30-394. 

Figure 3 shows the positions cf primers used tor PGR amplification to isolate H. vutgare NADP- 
thioreaoxin reauctase (NTR). 

Figure 4A-C shows the deduced amino acid seauence of H. vulgare NADP-thioredoxtn reductase 
(NTR) and homologies. Panel A snows the amino acid seouence alignment of H. vulgare 
NADP-thioreaoxin reductase (NTR) and the NTR seauences of A. thaiiana and E. coli. Amino acid 
loentities are snown by shaded resiaues. Panel B shows the percent similarity and percent 
aivergence oetween amino acta sequences cf H. vutgare NTR and the NTR sequences of A. thaiiana 
and £. coli. Panel C snows the Dhyiogenenc tree (in relative units) of H. vutgare NTR and related 
seauences from A. thaiiana ana E. coli. 
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Figure 5A-D snows the nucleotide sequence of H. vulgare NADP-thioreaoxin reauctase (NTR) gene 
and homolgoies. Panel A shows the nucleotide sequence alignment of H. vulgare NTR gene and the 
NTR sequences of A. thaiiana and £ co//. Nucleotides conserved in at least two out of three different 
NTR genes are shaded. Panel B shows the nucleotide sequence alignment of H. vuigare NTR gen 
and the NTR sequences of A. thaiiana and £ co//. Nucleotides conserved nucleotides the three 
different NTR genes are shaded. Panel C shows the percent homology and percent divergence 
between nucleotide sequences of H. vuigare NTR and the NTR sequences of A. thaiiana and £ co//. 
Panel D shows that the phyiogenettc tree (in relative units) of H. vuigare NTR and related nucleotide 
sequences from A. thaiiana and £ co//. 

Figure 6 shows the thioredoxin h constructs used for transformation. 

Figure 7 shows the thioredoxin activity profile of various barley grains transformed with wheat 
thioredoxin gene (wtrxh). 

Figure 8 shows the effects of he3t treatment on thioredoxin activity of crude extracts from barley 
grains. 

Figure 9A-B shows a western blot analysis of extract from segregating T, barley grain of stable 
transformants containing wtrxh. Panel A: lanes 1 and 6, control barley extract (cv. Golden Promise); 
lane 2, bread wheat extract (Trito/m aesuvum, cv. Capitoie); lane 3, extract from GPdBhss BarWtrx 
22; lane 4, extract from GPdBhssBarWtrx 29; lane 5, extract from GPdBhBarWtrx 2. Panel B: lane 1 , 
GPdBhBaarWtrx 2; lane 2 control barley extract. W, wheat; E, barley. 

Figure 10 shows western blot analysis of extracts of T, T 2 and T 3 barley grain transformed with wtrxh. 
Forty micrograms of soluble proteins extracted from 10-20 grains of each line were fractionated by 
SDS/PAGE. Lane 1 t wheat germ thioreaoxin h\ lane 2, nontransgenic control of GP4-96; lane 3. null 
segregant T 2 grain of GPdBhssBarWtrx-29-1 1-10; lane 4 t heterozygous T, grain of GPdBhssBarWtrx- 
29; lane 5, homozygous T 2 grain of GPdBhssBarWtrx-29-3; lane 6, homozygous T 2 grain of - 
GPdBhssBarWtrx-29-3-2; lane 7, prestained standards (aprottnin, .9 kDa; lysazyme. 17.8 kDa; 
soyoean trypsin inhibitor. 30.6kDa; carbonic annydrase. 41.8 kDa; BSA, 71 kDa). 

Figure 1 1 shows the nucleic acid seauence of the B«-hordein promoter and the 57 base pair 
Bi-horbein signal sequence (underlined). 

Figure 12 snows the nucleic acia sequence of the D-hordem promoter and the 63 base pair D-hordein 
signal sequence (undehined). 
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1 Figure 13A-C snows the fleet cf overexpressed thioreaoxin h on pulluianase activity in transgenic 

barley grain during, germination ana seedling development. A homozygous line. GPdBhssBarWtrx-29- 
3. ana a null segregant GPdBhssBarWtrx-29-1 1-10. were used for the pullutanase assays. Panel A: 
Pulluianase was assayea SDectroohotometrically by measuring the dye released from red pullulan 
substrate at 534 nm Panel B: Pulluianase was separated on native 7.5% poiyacryiamiae gels 

6 containing the red puliutan suDstrate. Activity, identified by comparison with purified barley pullutanase, 
is seen as clear areas that develooed on incubating the gei in 0.2 M succinate buffer. pH 6.0, for 1 hr 
at 37°C. Panel C: The gel in Panel B was scanned and analyzed by integration of the activity bands. 

Figure 14A-D shows the change in £>e activity and abundance of amylases in transgenic and null 
1 1 segregant baney grains during germination and seedling development based on an activity gel. Panel 
A: abundance of atDha-amyiases in null segregant based on westenrtoiot Panel B: Total amylase 
activity in null segregant. Panel C: aoundance of aipha-amyiases in thioreaoxin overexpressing 
grams. Panel D: total amylase activity in thioredpxin overexpressed grains. 

1 6 Figure 1 5 shows the effect of overexpressed thioreaoxin h on the activity of the mapr form of alpha- 
amylase during germination and seeding development. The size of the major alpha-amylase activity 
band in Figure 14 was estimated by its rate of mobility during electrophoresis. 

Figure 16A-B shows the effect of overexpressed thioredoxin h on the abundance of aipha-amyiase A 
21 and B isozymes dunng germination and seedling development The figure represents western blots of 
IEF gels developed for the null segregant and transgenic barley grains. Panel A: Null segregant Pane! 
B: Transgenic with thioredoxin overexpressed. 

Figure 17 snows tne effect of overexDresseo wheat thioreaoxin h on the germination of null segregant 
26 and transgenic (homozygous) baney grains. 

Figure 18 shows the relative redox status of protein fractions in transgenic barley grain overexpressing 
wheat thioredoxin h in comoanson to the null segregant in dry and germination grain. 

3 ' SEQUENCE LISTING 

The nucleic and amino acid seauences listed in the accompanying sequence listing (SEQ ID NO.1-24) 
are shown using standard letter aooreviations for nucleotide oases, and three letter code for amino 
acias. Only one strand of each nucleic acid sequence is snown, but it is understood that the 
complementary strand is included by any reference to the displayed strand. 

36 

SEQ ID NC:1 snows tne nucieic acid seauence of the barley thioredoxin h cDNA. 
SEQ ID NO:2 shows the amino acia seauence of the barley thioredoxin h protein. 
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1 SEQ ID NO:3 shows the nucleic acta seouence of a wneat thioredoxin h cONA. GenBank accession 
numoer X699 15. 

SEQ ID N0:4 shows the amino acid sequence of a wneat thioredoxin h protein. 

SEQ ID NO:5 shows the nucieic acid seouence of a wheat thioredoxin h cDNA, GenBank accession 

number AJ 00 1903. 

6 SEQ ID NO:6 shows the amino acid sequence of a wheat thioredoxin n protein. 

SEQ ID N0:1 1 shows the nucieic acia sequence of the barley B«-hordein promoter and signal 
sequence. 

SEQ ID NO:12 shows the nucieic acic sequence of the bailey D-hordein promoter and signal 
sequence. 

1 1 Other SEQ ID NOs: are described herein. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Definitions 

Unless otherwise noted, tecnnicai terms are used according to conventional usage. Definitions of 
16 common terms in moiecuiar biology may be found in Lewin, Genes V published by Oxford University 
Press, 1994 (ISBN 0-19-854287-9); Kendrew et al (eds.). The Encyclopedia of Moiecuiar Biology, 
published by Blackwel! Science Ltd., 1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology, a Comprehensive Desk Reference, published by VCH 
Publishers, inc., 1995 (ISBN 1-56081-569-8); Ausubel etal. (1987) Current Protocols in Molecular 
21 Biology, Green Publishing; Sambrook et sL (1989) Moiecuiar Cloning: A Laboratory Manual, Cold 
Spring Harbor, New York). 

In oraer to facilitate review of tne various embodiments of the invention, the following definitions are 
provided: 

26 

Thioredoxin protein: A large number of oian:, animal, and microbial thioredoxin proteins have been 
characterized, and the genes encoding many of these proteins have been cloned and sequenced. The 
present invention is preferably directed to the use of thioredoxin h proteins, although other thioredoxin 
proteins may also be employed to proauce transgenic plants as described herein. Among the 

31 Xhtoreaoxin h proteins from plants that have been described to date are thioredoxin ft proteins from 
ArabrdoDsis thaiiana (Rivera-Madrid ef a/., 1993; Rivera-Madrid eta/., 1995), Nicctiana tabacum 
(Marty and Meyer, 1991; Brugidou etal. 1993), Oryza satrva (Ishiwatari etat., 1995). Brassica napus 
(Bower et at., 1996), Glycine max (Shi and Bhattacnaryya. 1996). and Triticum aestivum (Gautier ef 
a/.. 1998). The amino acid secuences of these and other thioredoxin h proteins, and the nucleotide 

36 seouence of cDNAs and/or genes that encode these Droteins, are available in the scientific literature 
ano pubiicly accessible sequence Databases. For example, a cDNA encoding thioreaoxin h from P/cea 
manana is described in accession numoer AF051206 (NID g2982246) of GenBank. and located by a 
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searcn using the Entrez orowser/ nucleotide sequence search of the National Center for 
Biotecnnoiogy information weosite. www.ncbi.nlm.nih.gov. The cONA encoding the Triiicum aesttvum 
thioreaoxin h protein used in the Examoies aescribed below is described on tne same oataoase under 
accession nunrroer X69915 (NID g2995377). 

The present invention may oe practiceo using nucleic acid sequences that encode full length 
thioreaoxin h proteins, as well as thicredoxin h denved proteins that retain thioreaoxin h activity. 
Thioreaoxin h derived proteins wnicn retain thioredoxin biological activity include fragments of 
thioreaoxin /i, generated either by chemical (e.g. enzymatic) digestion or genetic engineenng means; 
cnemically functionaiizea protein molecules ootained starting with Itie exemplified protein or nudeic 
acid seauences. and protein sequence variants. Thus, the term "thioredoxin h protein" encomoasses 
full length thioredoxin h proteins, as well as sucn thioreaoxin h derived proteins that retain thioredoxin 
h activity. 



Thioredoxin protein may be quantified in biological samples (such as seeds) either in terms of protein 
leve i( or in terms of thioredoxin activity. Thioreaoxin protein level may be determined using a western 
blot analysis followed by quantative scanning of the image as aescribed in detail below. Thioredoxin 
activity may be quantified using a number of different methods known in the art. Preferred methods of 
measunng thioredoxin biological activity attributable to thioredoxin h in plant extracts include 
NADP/malate dehydrogenase activation (Johnson et a/., 1987a,b) and reduction of 
2\5-dithiobis(2-nitroben2oic acid) (DTNB) via NADP-tftioredoxin reductase (Florencio ef a/., 1988; 
U.S. Patent No. 5792,506). Due to the potential for interference from non-thioredoxin h enzymes that 
use NADPH, accurate determination of thioredoxin h activity should preferably be made using partially 
purifiea plant extracts. Standard protein purification methods (e.g. (NH 4 ) ? S0 4 extraction) can be used 
to accomplish this partial purification. The activity of thioreaoxin h may also be expressed in terms of 
specific activity, i.e.. thioredoxin activity per unit of protein present, as aescribed in more detail beiow. 

Probes and primers: Nucieic acia prooes and primers may readily be prepared based on the nucleic 
acids provided by this invention. A probe comprises an isolated nucieic acid attached to a detectable 
label or reporter molecule. Typical labels include radioactive isotopes, ligands, chemiiuminescent 
agents, and enzymes. Methods for taDeling and guidance in the choice of labels appropnate for 
vanous purposes are discussed, e.g., in Sambrook etal. (1989) and Ausubei ef a/. (1987). 

Pnmers are snort nucieic acids, preferaoiy DNA oligonucleotides about 15 nucleotides or more in 
length. Primers may be annealed to a complementary target DNA strand by nucieic acid hybndization 
to form a hyond between the pnmer and the target DNA strand, and then extended along the target 
DNA strand by a DNA polymerase enzyme. Primer pairs can be used for amplification of a nucieic acid 
sequence, e.g, oy the polymerase cnain reaction (PCR) or otner nucieic-ac:d amplification methods 
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Methods for preparing and using probes and primers are aescribed, for example, in Samorook et a/. 
(1989), Ausuoei et a/. (1987), and tnnis et a/.. (1990). PGR pnmer pairs can be derived from a known 
sequence, for example, by using comouter programs intended for thai purpose sucn as Pnmer 
(Version 0.5. © 1991, Whitehead Institute for Biomedical Research. Cambridge, MA). One of skill in 
the art will appreciate that the specificity of a particular probe or pnmer increases with its length. Thus, 
for example, a primer comprising 20 consecutive nucleotides of the baney thioredoxin h cDNA will 
anneal to a target sequence such as a thioredoxin h homotogue from a different barley cultivar 
contained within a cDNA or genomic DNA library with q higher specificity than a corresponding primer 
of cniy 15 nucleotides. Thus, in order to obtain greater specificity, probes and primers may be seiected 
that compnse 20, 25, 30, 35, 40, 50 or more consecutive nucleotides of the barley thioredoxin h cDNA 
or gene sequences. 

Accordingly, oligonucleotides tnat are derived from the barley thioreaoxin h and NTR nucleic acids are 
encompassed within the scope of the oresent invention. Preferably, such oligonucleotide primers will 
comprise a sequence of at least 15-20 consecutive nucleotides of the barley thioredoxin h encoding 
sequences. 

Promoter. A regulatory nucleic acid sequence, typically located upstream (5*) of a gene that in 
conjunction with various cellular proteins, is responsible for regulating the expression of the gene. 
Promoters may regulate gene expression in a number of ways. For example, the expression may be 
tissue-specific, meaning that the gene is expressed at enhanced levels in certain tissues, or 
developmental regulated, such that the gene is expressed at enhanced levels at certain times during 
development, or both. 

In a preferred embodiment, a-transgene of the invention is expressed in an edible part of a plant By 
"edible" herein is meant at ieast a part of a plant that is suitable for consumption by humans or animals 
(fish, crustaceans, isopods, decapods, monkeys, cows, goats, pigs, rabbits, horses, birds (chickens, 
carrots etc}. Accordingly, "edible" embraces food for human consumption and feed for animal 
consumption and includes, for example, dough, bread, cookies, pasta, pastry, beverages, beer, food 
additives, thickeners, matt, extracts made from an edible part of plants, animals feeds, and the like. 
An edible part of a plant includes for example, a root, a tuber, a seed, grain, a flower, fruit leaf etc. 
The skilled artisan is aware that expression of the transgene is effected in any tissue, organ or part of 
a piant by emoioying a promoter that is active in the seiected part of the plant the transgene is to be 
expressed In a Dreferred embodiment tne transgene is expressed in a seed, preferably under control 
of a seed- or grain-specific promoter. 
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1 The expression of a transgene in seeds or grains according to the present invention is Dreferaoiy 
accompiisned by operabiy linking a seea-soecific or grain-specific Dromoter to the nucleic acid 
molecule encoding the transgene orotein. In this context, "seed-specific" indicates that the promoter 
has ennanced activity in seeas comparec to other plant tissues; it does not reauire that the promoter is 
solely active in the seeas. Accordingly, "grain-sDeafic 1 ' indicates that the promoter has enhanced 
6 activity in grains compared to other plan: tissues: it does not require that the promoter is solely active 
in the grain. Preferably, tne seed- or grain-specific promoter selected will, at the time when the 
promoter is most active in seeas, produce expression of a protein in the seed of a plant that is at least 
aoout two-fold greater than expression of the protein produced by that same promoter in the leaves or 
roots of the plant. However, given the nature of the thioredoxin protein, it may be advantageous to 

1 1 select a seed- or grain-specific promoter that causes little or no protein expression in tissues other 
than seed or grain. In a preferred embodiment a promoter is specific for seed and grain expression, 
such that expression in the seea and grain is enhanced as compared to other plant tissues but does 
not reauire that the promoter be solely activity in the grain and seed. In a preferred emoodiment, the 
promoter is "specific" for a structure or element of a seed or grain, such as an emoryo-spectfic 

16 promoter. In accordance with the definitions provided above, an embryo-specific promoter has 

enhanced activity in an embryo as compared to other parts of a seed or grain or a plant and does not 
require its activity to be limited to an embryo. In a preferred emoodiment, the promoter is "maturation- 
specific" and accordingly has enhanced activity developmental^ during the maturation of a part of a 
plant as compared to other parts of a piant ana does not require its activity to be limited to the 

21 development of a part of a plant. 



A seed- or grain-specific promoter may produce expression in vanous tissues of the seed, including 
tne enaosperm, embryo, and aieurone or grain. Any seed- or grain-specific promoter may be used for 
this purpose, aitnough it will be aavantageous to select a seed- or grain-specific promoter that 
26 proauces high level expression of the protein in the plant seed or grain. Known seed- or grain-specific 
promoters include those associated with genes that encode plant seed storage proteins such as 
genes encoding: barley horaeins. rice giuteiins, oryzins. or prolamines; wheat giiadins or giutenins; 
maize zeins or giuteiins; maize emoryo-specffic promoter; oat giuteiins; sorghum kafirins; millet 
pennisetins; or rye secaiins. 

31 

The baney nordein promoters (described in more detail beiow) are seed- or grain-specific promoters 
that were used in the illustrative Examples (Cameron-Mills, 1980; Cameron-Mills et aL. 1980, 
1988a,b). 

36 in certain embodiments, the seeo- or grain-snecific promoter that is selected is a maturation-specific 
promoter. The use of promoters that confer enhanced expression aunng seed or grain maturation 
(sucn as the barley horaein promoters) may result in even higner lev is of thioreaoxm expression in 
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I the seec 

By "seed or grain-maturation" herein refers to the period starting with fertilization in which 
metabolizabie food reserves (e.g., proteins, lipids, starch, etc.) are deposited in the developing seed, 
particularly in storage organs of the seed, including the endosperm, testa, ateurone layer, embryo, and 
6 scutellar epithelium, resulting in enlargement and filling of the seed and ending with seed desiccation. 

Members of the grass f amity, which include the cereal grains, produce dry, one-seeded fruits. This 
type of fruit is stnctiy speaking, a caryopsis but is commonly called a kernel or grain. The caryopsis of 
a fruii coat or pencarp, whicn surrounds the seed and adhere tightly to a seed coat The seed 

I I consists of an embryo or germ and an endosperm enclosed by a nucellar epidermis and a seed coat 
Accordingly the grain comprises the seed and its coat or pericarp. The seed comprises the embryo 
and the endosperm. (R. Cart Hoseney in -Principles of Cereal Science and Technology", expressly 
incorporated by reference in its entirety). 

16 Starch: A polysaccharide made up of a cnain of glucose units joined by aipha-1 .4 linkages, either 
unbranched (amyiose) or branched (amylopectin) atatpha-1,6-iinkages. 

Dextran: Any of a variety of storage poysaccnarides, usually branched, made of glucose residues 
joined by aipha-1,6 linkages. 

21 

Dextrin or Limit Dextrin: Any of a group of small soluble polysaccharides, partial hydrolysis products 
of starch, usually enricned in aipha-1 ,6-ltnkages. 

Germination: A resumption of growth of a plant emoryo in favorable conditions after seed maturation 
26 and drying (aessication), and emergence cf young shoot and root from the seed. 

Allergen: An antigenic substance that induces an allergic reaction in a susceptible host Accordingly, 
a susceptible host has an immune status (hypersensitivity) that results in an abnormal or harmful 
immune reaction uoon exposure to an allergen, in a preferred embodiment, the transgenic grains of 
31 the invention have reduced aliergenicity in comoanson to nontransgenic grains. The immune reaction 
can oe immediate or aetayec: celt mediated or antibooy mediated; or a combination thereof. In a 
preferred embodiment, the allergic reaction is an immediate type hypersensitivity. 

Digestion: By "digestion" herein is meant the conversion of a molecule or compound to one or more 
36 of its components. Accordingly, ^digestibility" relates to tne rate and efficiency at which the conversion 
to one or more of its comoonents occurs, in a preferred embodiment a "digestible compound" is, for 
examole, a food, that ts converted to its cnernicai components by chemical or enzymatic means For 
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1 examDle, dexrran is convenea to dextrin, polysaccharide, monosaccharides, limit aextrin etc; a protein 
is converted to a polypeptides, oljgopeotiaes. amino acids, ammonia etc.; a nucleic acid ts convened 
to oligonucleotides, nucleotides, nucleosides, ourine, pyrimidines, phospnates etc. in a preferred 
emooriiment. the transgenic grains of the invention have increased digestibility, i.e. are more efficiently 
or rapidly digested in comparison to nontransgenic grain. 

6 

Germination: A resumption of growth of a otant embryo in favorable conditions after seed or grain 
maturation and drying (dessication), anc emergence of young shoot and root from the seed or grain. 

Vector. A nucleic <2c:d moiecuie as introduced into a host cell, thereby producing a transformed host 
1 1 ceil. A vector may include one or more nucleic acid sequences that permit it to replicate in one or more 
host cells, such as origin(s) of replication. A vector may also include one or more selectable martcer 
genes and other genetic elements known in the art 

Transformed: A transformed cell is a cell into which has been introduced a nucleic acid moiecuie by 
16 molecular biology tecnniaues. As used herein, the term transformation encompasses all techniques by 
which a nucleic acid moiecuie might be introduced into sucn a cell, plant or animal cell, including 
transfection with viral vectors, transformation by Agrvbacterium, with plasmid vectors, and introduction 
of naked DNA by electro po ration, lipofection, and particle gun acceleration and includes transient as 
well as stabie transformants. 

21 

Isolated: An "isolated" biological component (such as a nucteic acid or protein or organelle) has been 
suostantially separated or purified away from other biological components in the cell or the organism in 
which the component naturally occurs, i.e., other chromosomal and extra-chromosomal DNA and 
RNA, proteins and organelles. Nucleic acids and proteins that have been "isolated" include nucteic 
26 aaas and proteins purified by standard purification methods. The term embraces nucteic acids 

including chemicatty synthesized nucteic acids and also embraces proteins prepared by recombinant 
expression in vitro or in a host cell and recombinant nucieic acids as defined below. 

Operabiy linked: A first nucteic acid sequence is operabiy linked with a second nucleic acid 
31 sequence wnen the first nucleic acid sequence is placed in a functional relationship with the second 
nucleic acid sequence. For instance, a promoter is operabiy linked to a coding sequence if the 
oromoter affects the transection or exoression of the coding sequence. Generally, ODerably linked 
DNA sequences are contiguous anc. wnere necessary, join two protein-coding regions in the same 
reading frame. With respect to poiyoeottdes, two polypeptide sequences may be ooerabiy linked by 
36 covalent linkage, such as through peotide oonds or disulfide bonds. 

R combinant: By "recomDtnant nucieis acicT herein is meant a nucleic acid that has a sequence that 
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1 is not naturally occurring or has a sequence that is maoe by an artificial combination of two oth rwtse 
separated segments of sequence. This artificial combination is often accomplished by cnemicai 
synthesis or, more commonly , by the artificial manipulation of of nucleic acids, e.g., by genetic 
engineering techniques, such as by the manipulation of at least one nucietc acid by a restriction 
enzyme, ligase, recombinase. and/or a polymerase. Once introduced into a host cell, a recombinant 

6 nucleic acid is reDiicated by the host celt, however, the recombinant nucleic acid once replicated in the 
cell remains a recombinant nucleic acid for purposes of this invention. By "recombinant protein" 
herein is meant a protein produced by a method employing a recombinant nucleic acid. As outlined 
above "recombinant nucleic acids" ana "recombinant proteins" also are "isolated", as described above. 

1 1 Complementary DNA (cDNA): A piece of DNA that is synthesized in the laboratory by reverse 

transcription of an RNA, preferably an RNA extracted from cells. cDNA produced from mRNA typically 
lacks internal, non-coding segments (imrons) and regulatory sequences that determine transcription. 

Open reading frame (ORF): A sehes of nucleotide triplets (codons) coding for amino acids without 
16 any internal termination codons. These sequences are usually translatable into a peptide. 

Transgenic plant: As used herein, this term refers to a plant that contains recombinant or isolated 
genetic material not normally found in plants of this type and which has been introduced into the plant 
in question (or into progenitors of the plant) by human manipulation. Thus, a plant that is grown from a 
21 plant cell into which recombinant DNA is introduced by transformation is a transgenic plant, as are all 
offspring of that plant that contain the introduced transgene (whether produced sexually or asexually). 
It is understood that the term transgenic plant encompasses the entire plant and parts of said plant for 
instance grains, seeds, flowers, leaves, roots, fruit, pollen, stems etc. 

26 The present invention is applicable to both dicotyledonous plants ( e.g. tomato, potato, soybean, 
cotton, tnbaccc, etc.) and monocotyledonous plants, including, but not limited to graminaceous 
monocots such as wheat (Triticum spp.), rice (Oryza spp.). barley (Hortieum spp.), oat (Avena spp.), 
rye (Secate spp.), com (Zea mays), sorghum (Sorghum spp.) and millet (Pennisetum spp). For 
example, the present invention can be employed with barley genotypes including, but not limited to 

31 Morex, Harrington , Crystal, Stander, Moravian Hi, Galena, Salome, Steptoe. Klages, Baronesse, and 
with wneat genotypes including, but not limited to Yecora Rojo. Boowhite. Karl and Anza. In general, 
the invention is particularly useful in cereals. 

Purified: The term purified does not reauire absolute purity; rather, it is intended as a relative term. 
36 Thus, for examDte. a purified barley thioreaoxrn h protein preparation is one in which the barley 

thioredoxin h protein is more ennched or more biochemically active or more easily detected than the 
protein is in its natural environment within a cell or plant tissue. Accordingly, "purified" embraces or 
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inciuaes tne removal or mactivation of an inhibitor of a molecule of interest In a preferred 
embodiment, a preparation of barley thioredoxin n protein is purified such that the barley thtoreaoxin h 
repres nts at least 5-10% of the total protein content of the preparation. For particular applications, 
higher protein purity may be oesired. sucn that preparations in which bartey thioredoxin h represents 
at least 50% or at least 75% or at least 90% of the total protein content may be employed. 

Ortholog: Two nucleotide or ammo acid sequences are orthoiogs of each other if they snare a 
common ancestral sequence and diverged when a species carrying that ancestral sequence split into 
two species, sub-soecies, or cultivars. Orthoiogous sequences are also homologous sequences. 

11. Thioredoxin h (BTRXft) and NADP-thioredoxin Reductase (KTR) from Bartev { Horde um 
vuiaare L.) 

Herein are provided BTRX/? and NTR proieins and nucieic acids which encode such proteins. Also 
provided are methoas of screening for a Dioactive agent capable of binding and preferably modulating 
the activity of the BTRX/7 or NTR protein. The method comprises combining a BTRX/7 or an NTR 
protein and a candidate bioactive agent and a cell or a population of cells, and determining the effect 
on the cell in the presence ana absence of the candidate agent. Other screening assays including 
binding assays are also provided herein as described below. 

NTR belongs to the pyridine nucleotide-disulfide oxidoreductase family (Pat, 1991), which includes 
glutathione reductase, lipoamide dehydrogenase, mercuric reductase and trypanothionine reductase, 
which catalyze the transfer of electrons from a pyridine nucleotide via a flavin carrier to t in most cases, 
disuffide-containing substrates. Preferably, NTR is barley H. vulgare NTR and is a flavoenzyme that 
reduces thioredoxin h using NADPH. We have found that bartey NTR reduces wheat thioredoxin h 
(Cho etal. 1999 (PNAS)). 

A bartey thioredoxin protein is a baney protein having thioredoxin biological activity. Plant thioredoxins 
are generally categorized into three subgroups (m, f, and h) based on subcellular localization and 
specificity of enzyme activation. A barley thioredoxin h (BTRX/7) protein is a baney protein having 
thioredoxin protein biological activity and sharing amino acid sequence identity and/or is encoded by a 
nucleic acid that hybridizes under high stringency conditions to the exemplified BTRX/) nucleic acid as 
described below. Thioredoxin proteins typically contain a consensus active site - WCGPC (residues 
45-49 of SEQ ID NO:2). Though it is net absolutely reauired, in general thioreaoxin proteins can also 
be identified by tne presence of this or 3 similar seauence. 

A BTRX/) and an NTR protein of the presen: invention also may be identified in alternative ways. 
"Protein" in this sense includes proteins, polypeptides, and peptides. 
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1 The BTRX/7 and NTR proteins of the invention fail into two general classes: proteins that are 

completely novel, i.e. are no: part of a puoiic database as of the time of discovery, although they may 
have homology to either known proteins or peptides encoded by expressed sequence tags (ESTs) 
and the like. Alternatively, the BTRXh and NTR proteins are known proteins, but that were not known 
to be. respectively, thioredoxins or oxtaoreductases that preferably reauce thioreooxin h. Accordingly, 
6 a NTR protein may be initially identified by its association with a protein known to be involved in the 
reduction of thioreooxin. A BTRXrt protein may be initially identified by its association with an NTR 
protein. Wherein the BTRX/i and NTR proteins and nucleic acids are novel, compositions and 
methoas of use are provided herein, in the case that the BTRX/) and NTR proteins and nucleic acids 
were known but not known to be thioredoxins or oxidoreductases that preferably reduce thioredoxin h % 
1 1 methoas of use, i.e. functional screens, are provided. In one embodiment a BTRX/7 or an NTR 
protein as defined herein has at least one of the following "BTRX/7 biological activities or "NTR 
bioloaicai activities": 



By "NTR biological activity" herein preferably is meant the catalytic reduction of thioredoxin coupled to 
16 NADPH, oxidation. 

By "thioredoxin protein biological activity" herein is meant the ability of a protein to serve as a 
hydrogen aonor in various reduction reactions (Smith et a/, (eds.) 1997). One of ordinary skill in the art 
will be aware that there are many weil-estaDiished systems that can be employed to measure 

21 thioredoxin meaiated reauction reactions. Preferred methods of measuring biological thioredoxin 
activity attributable to thioredoxin h include NADP/malate dehydrogenase activation (Johnson etaL, 
1987) and reduction of 2\5'-dithiobis(2-nitrobenzoic acid) (DTNB) via NADP-thioredoxin reductase 
(Rorencio et a/., 198B: U.S. Patent No. 5 ,792,506). Due to the potential for interference from 
non-thioredoxin h enzymes tnat use NADPH, accurate determination of thioredoxin h activity should 

26 be maae using partially purified plant extracts. Standard protein purification methods (e.g (NH«)jSO< 
extraction and acid fractionation) can be used to accomplish this partial purification, as discussed 
more fully below. 

In one emDodimem provided herein, BTRXh and an NTR protein as denned herein have sequence 
31 homology to other thioredoxin and NTR proteins, respectively. By "homology" herein is meant 

seouence similarity and identity, with identity being preferred. In one embodiment, the homology is 
founa using the following database, algorithm, and parameters. 



36 



The simitanty between two nucleic acid seouences. or two amino acid sequences is expressed in 
terms of sequence identity (or. for proteins, also in terms of sequence similarity). Sequence identity is 
frequently measured in terms of percentage identity; the higner the percentage, the more similar the 
two seouences are. As aescrib d above, homotogs and variants of the thioredoxin nucleic acid 
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molecules, horaein promoters ano horaein signal peptiaes may t>e used in the present invention. 
Homotogs and variants of these nucleic ac:a molecules will possess a relatively high degree of 
seau nee identity when aligned using standard methods. 

Methoos of alignment of sequences for comparison are well known in the an. Various programs and 
alignment algorithms are described in: Smith and Waterman (1981); Needleman and Wunsch (1970); 
Pearson and Lipman (1988); Higgins and Sharp (1988); Higgms and Sharp (1989); Corpet ef a/., 
(1988): Huang ef a/.. (1992); and Pearson era/., (1994). Altschui et aL (1994) presents a detailed 
consideration of sequence alignment methods and homology calculations. 

The NCBI Basic Local Alignment Searcn Tool (BLAST) (Altschui et a/.. 1990) is available from several 
sources, including the National Center for Biotechnology Information (NCBI, Bethesda, MD) and on 
the internet, for use in connection with the sequence analysis programs biastp, btastn, blastx, tbiastn 
and tblastx. It can be accessed at httD://www.ncbi.nlm.nih.gov/BLAST. A description of how to 
determine sequence identity using this program is available at 
httD://www.nchi.nlm.nih.qov/BLAST/blast.heio.html . 

Homoiogs of the disclosed protein sequences are typically characterized by possession of at least 
40% seauence identity counted over the full length alignment with the amino acid sequence of the 
disclosed sequence using the NCBI Blast 2.0, gapped biastp set to default parameters. The adjustable 
parameters are preferably set with the following values: overlap span =1 , overlap fraction = 0.125, 
word threshold (T) = 11. The HSP S and HSP S2 parameters are dynamic values and are established 
by the program itself depending upon the composition of the particular sequence and composition of 
the particular dataoase against which the seauence of interest is being searched; however, the values 
may De adjusted to increase sensitivity. Proteins witn even greater similarity to the reference 
sequences will show increasing percentage identities when assessed by this method, such as at least 
about 50%; at least about 60%, at least about 70%, at least aoout 75%, at least 3bout 80%, at least 
about 90% or at least about 95% seauence identity. 

Homoiogs of the disclosed nucleic acid sequences are typically characterized by possession of at 
least 40% sequence identity counted over the full length alignment with the amino add sequence of 
the disclosed sequence using the NCBI Blast 2.0, gapped blastn set to default parameters. A preferrec 
methoo utilizes the BLASTN moauie of WU-BLAST-2 (Altschui et aL, 1996); set to the default 
parameters, with overlap span ana overlap fraction set to 1 and 0.125, respectively. Nucleic acid 
sequences with even greater similanty to the reference sequences will show increasing percentage 
(□entities wnen assessed by this method, sucn as at least about 50%. at least about 60%. at least 
about 70%. at least aoout 75%, at least about 80%, at least aoout 90% or at least about 95% 
seauence identity 
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The alignment may inciuae the introduction of gaps in the sequences to be aligned. In addition, for 
sequences which contain either more or fewer ammo acids than the protein encoded by the 
sequences in the figures, it is understood that in one embodiment the percentage of sequence identity 
will be determined basea on the number of identical amino acids in relation to the total numDer of 
amino acids. Thus, for example, sequence identity of sequences shorter than that shown in the 
figures as discussed below, will be determined using the number of amino acids in the longer 
seauence. in one emoodiment. In percent identity calculations relative weight is not assigned to 
various manifestations of sequence variation, sucn as, insertions, deletions, substitutions, etc. 

in one emoodiment, oniy identities are scored positively {-(-1) and all forms of sequence variation 
including gaps are assigned a value of "C, which obviates the need for a weighted scale or 
parameters as described herein for sequence similarity calculations. Percent sequence identity can 
be calculated, for example, by dividing the number of matching identical residues by the total number 
of residues of the "shorter" sequence in the aligned region and multiplying by 100. The "longer" 
sequence is the one having the most actual residues in the aligned region. This method of sequence 
identity can be applied in the analysis of amino acid and nucleic acid sequences. 

As wilt be appreciated by those skilled in the art. the sequences of the present invention may contain 
sequencing errors. That is, there may be incorrect nucleosides, frameshrfts, unknown nucleosides, or 
other types of sequencing errors tn any cf the sequences; however, the correct sequences will fall 
within tne homology and stringency definitions herein. 

The alignment tools ALIGN (Myers and Miller, 1989) or LFASTA (Pearson and Lipman, 1988) may be 
used to perform seauence comparisons (Internet Program © 1996, W. R. Pearson and the University 
of Virginia, il fasta20u63 M version 2.0u63, release date December 1996). ALIGN compares entire 
sequences against one another, wnile LFASTA compares regions of local similarity. These alignment 
tools and their respective tutorials are available on the internet at http://bioiogy.ncsa.uiuc.edu. 

In a preferred emoodiment, orthoiogs of the disclosed barley thioredoxin h protein are typically 
characterized by possession of greater than 90.6% sequence identity counted over the full-length 
alignment with the amino acid sequence of baney thioredoxin h using ALIGN set to default 
parameters. Proteins with even greater similarity to the reference sequences will show increasing 
percentage identities wnen assessed by this method, such as at least 92%, at least 93%, at least 
95%, at least 96%. at least 97%, or at least 98% sequence identity. When less than the entire 
seauence is being compared tor sequence identity, homologs will typically possess at least 90% 
seauence iaentity over snort windows of 10-20 amino acids, and may possess sequence identities of 
at least 93%. at least 95%. at least 97%, or at least 99% depending on their similarity to the reference 
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1 seauence. Sequence identity over sucn snort windows can be determined using LFASTA; metnods 

are described at http://biotoov.ncsa.uiuc.edu. One of skill In the art will appreciate that these sequence 
identity ranges are provided for guidance only; it is entirely possible that strongly significant homoiogs 
could be obtained that fall outside of the ranges provided. The present invention provides not only the 
peptide homoiogs that are described above, but also nucleic acid molecules that encode sucn 

6 homoiogs. 

In a preferred embodiment members of a thioreaoxin h protein family having thioredoxin protein 
biological activity sharing amino acid sequence identity with the amino acid sequence of the 
prototypical barley thioredoxin h protein shown in SEQ ID NO;2. In a preferred embodiment, BTRX/) 
1 1 proteins of the invention will generally share greater than 90.2% amino acid sequence identity with the 
sequence shown in SEQ ID NO:2, as determined using ALIGN set to'default parameters. More closely 
related thioredoxin proteins may share ax least 92%, 95%, or 98% sequence identity with the 
exemplified BTRX/? protein. 

16 in a preferred embodiment a protein is a *NTR protein" as defined herein if the overall sequence 

identity of the amino acid sequence of Figure 4A (SEQ ID NO:9) is preferably greater than about 71%, 
more preferably greater than about 85%. even more preferably greater than about 90% and most 
preferably greater than 95%. tn some errtDodiments the sequence identity wiif be as high as about 
98% and higher. 

21 

Barley thioredoxin h derived oroteins and NTR derived proteins include fragments, respectively of 
thioredoxin h or NTR, generated either ny cnemical (e.g. enzymatic) digestion or genetic engineering 
means: chemically functionatized protein molecules obtained starting with disclosed protein or nucleic 
acid seauences. and orotein seauence variants, which retain measurable thioredoxin h protein 
26 biological activity. 

For example, while the prototypical bariey thioredoxin h protein shown in SEQ ID NO;2 is 122 amino 
acids in length, one of skill in the art will aporeciate that thioredoxin biological activity may be obtained 
using a protein that compnses less man the full length bariey thioreaoxin h protein. Thus the terms 
31 "bariey thioredoxin h orotein" and M baney NTR protein" includes fragments, respectively, of a full length 
baney thioreaoxin h protein, which fragments retain thioredoxin protein biological activity or NTR 
protein biological activity, and variants, such as, naturally occumng allelic vanants and mutants 
obtained by in vitro mutagenesis techniaues and the like as further described below. 

36 In one embodiment. BTRX/) and NTR nucieic acids or BTRX/? and NTR proteins are initially identified 
by suostantial nucieic acid and/or amino acia sequence laentity or similarity to the sequence(s) 
provided herein In a preferrea emboaiment. BTRX/? or NTR nucieic acias or Brtxn or NTR proteins 
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1 have seauence identity or similarity to tne sequences proviaed herein and one or more of their 

respective "biological activities". Sucn seauence identity or similarity can be based upon the overall 
nucleic and or amino acid sequence. 

The BTRX/) and NTR proteins of the present invention may be shorter or longer than the amino acid 
6 seauence encoded by the exemplified nucleic acids shown in SEQ ID NO:2 and SEQ ID NO:9. Thus, 
in a preferrea embodiment included within the definition of BTRX/? or NTR proteins are portions or 
fragments of the respective amino acid sequence encoded by the nucleic acid sequence provided 
herein. In one embodiment herein, fragments of BTRX/? or NTR proteins are considered BTRX/? or 
NTR proteins if a) a fragment shares at least one antigenic epitope with the corresponding exemplified 

1 1 sequence; b) has at least the indicated sequence homology; and c) preferably have an BTRX/? or NTR 
biological activity or enzymatic activity as further defined herein. In some cases, where the sequence 
is used diagnostically t that is t wnen the presence or absence of a BTRX/? or an NTR protein nucleic 
acid is aetermined. only the indicated sequence identity is required. The nucleic acids of the present 
invention may also be shorter or longer than tne exemplified sequences in Figure 2 (SEQ ID NO:1) or 

16 Figure 5A (SEQ ID NO:10). The nuaeic acid fragments include any portion of the nucleic acids 

provided herein which have a sequence not exactly previously identified; fragments having sequences 
with the indicated sequence identity to that portion not previously identified are provided in an 
embodiment herein. 

21 in addition, as is more fully outlined below, a BTRX/? or an NTR protein can be made that are longer 
than those depicted in Figure 1 (SEQ ID NC;2) and Figure 4 (SEQ ID NO:9); for example, by the 
addition of epitope or purification tags, the addition of other fusion sequences, or the elucidation of 
additional coding and non-coding sequences. As described below, the fusion of a NTR peptide to a 
fluorescent oeDtide, such as Green Fluorescent Peptide (GFP), is particularly preferred. 

26 

BTRX/: or NTR proteins may also be iaentified as encoded by BTRX/? or NTR nucleic acids which 
hybridize to the seauence depicted in tne Figure 2 (SEQ ID NO:1) or Figure 5A (SEQ ID NO:10) or the 
complement thereof, as outlined herein. Hybridization conditions are further described below; 

31 In a preferrea embodiment, when a BTRX/? or NTR protein is to be used to generate antibodies, a 
BTRX/? or an NTR protein must share at least one epitODe or determinant with the full length protein. 
By "epitope" or "determinant" herein is meant a oortion of a protein which will generate and/or bind an 
antibooy. Thus, in most instances, antibodies made to a smaller BTRX/? or NTR protein will be able to 
bmd to the full length protein. In a preferrea emoodimem. the epitope is unique; that is. antibodies 

36 generated to a uniaue eoitope snow little or no cross-reactivity. The term "antibody" includes antibody 
fragments, as are known in the art. including Fab. Fab., single chain antibodies (Fv for example), 
chimenc antioodies. etc.. either produced by the modification f whole antibodies or those synthesized 
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de novo using recombinant ONA tecnnoiogies (Harlow & Lane, 1988). 

in a preferred emDOdiment. an antibody to an BTRX/7 or NTR protein upon binding to an NTR protein 
reduce or eliminate at least one biological activity of the NTR protein as described herein. That is, the 
addition of anti BTRX/7 or an anti-NTR orotein antibodies (either polyclonal or preferabiy monoclonal) 
to anthBtnch or NTR proteins (or ceils containing Brtxh or NTR proteins) may reduce or eliminate a 
BTRX/? or an NTR activity. Generally, for Doth proteins of the invention at least a 25% decrease in 
activity is preferred, with at least about 50% being particularly preferred and about a 95-100% 
decrease being especially preferred. 

The antibodies of the invention specifically bind to either BTRX/7 or NTR proteins. By "specifically 
bind" herein is meant that an antibody bind to a protein with a binding constant in the range of at least 
10 -1 - 10* M'\ with a preferred range being 1C" 7 - 10* M*\ Antibodies are further described below. 

tn the case of the BTRX/7 or NTR nucleic acid, the overall sequence identity of the nucleic acid 
sequence is commensurate with amino acid sequence identity but takes into account the aegeneracy 
in the genetic code and cooon bias of different organisms. Accordingly, the nucleic acid sequence 
identity may be either lower or higher than that of the encoded protein sequence. 

Thus the NTR nucleic add sequence identity of the nucleic acid sequence as compared to the nucleic 
acid sequence of the Figures is preferably greater than 75%, more preferably greater than about 80%, 
particularly greater than about 85% and most preferabiy greater than 90%. In some embodiments the 
seauence identity will be as high as about 93 to 95 or 98%. 

tn a oreferred embodiment, a NTR nucleic acid encodes a NTR protein; whereas a BTRX/j nucleic 
acid encodes a BTRX/7 protein. As will be appreciated by those in the art, due to the degeneracy of 
the genetic code, an extremely larqe numoer of nucleic acids may be made, all of which encode either 
the BTRX/7 or the NTR proteins of the oresent invention. Thus, having identified a particular amino 
acid sequence, those skilled in the art could make any numoer of different nucleic acids, by simply 
modifying the seauence of one or more codons in a way which does not change the amino acid 
sequence of the encodea protein. 

In one embodiment, the BTRX/7 or the NTR nucieic acid is determined through hyoridization studies. 
Thus, for examDie, nucleic acids wnich nyoridize unaer high stnngency to the nucleic acid sequence 
snown m Figure 2 (SEQ ID NO:1) or Figure 5A (SEQ ID NO:10). or tneir complement are considered 
either a BTRX/7 or an NTR nucieic acid. High stringency conditions are known in the art; see for 
example Samorook er a/.. Motecutar Cloning: A Laboratory Manual, 2d Edition. 1989. and Short 
Protocols in Molecular Biology, ed. AusuDei, et a!., and Tijss n, Tecnniaues in Biochemistry and 
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Molecular Biology— Hybridization with Nudetc Acid Probes. "Overview of onnaotes of hyoridization and 
the strategy of nudeic acid assays" (1993), att of which are hereby incorporated by reference in their 
entirety. Stringent conditions are sequence-aependent and will be different in different circumstances. 
Longer sequences specifically hybridize at higner temperatures. Generally, stringent conditions are 
selected to be about 5-10"C lower than the thermal melting point (T m ) for trie specific sequence at a 
defined ionic strength pH. The T m is the temperature (under defined ionic strength, pH, and nucleic 
add concentration) at which 50% of the probes complementary to the target hybridize to the target 
sequence at equilibrium (as the target sequences are present in excess, at T fflt 50% of the probes are 
occupied at equilibrium). Thus, it is known in the art that hybridization stringency is an objective 
measure of sequence retateaness. Stringent conditions will be those in which the salt concentration is 
less tnan about 1.0 M sodium ion, typically aoout 0.01 to 1.0 M sodium ion concentration (or other 
salts) at about pH 7.0 to 8.3 and the temperature is at least about 30*C for short probes (e.g. about 10 
to 50 nudeotides) and at least about 6CTC for long probes (e.g. greater than about 50 nucleotides). 
Stringent conditions may also be achieved with the addition of destabilizing agents such as 
formamide. In a preferred embodiment high stringency conditions are 0.1X SSC at 65°C, 

In another embodiment, less stringent hybridization conditions are used; for example, moderate or tow 
stringency conditions may be used, as are known in the art see Maniatis and Ausubel, supra, and 
Tiissen, supra. 

In a preferred embodiment, the BTRX/7 and NTR proteins and nucleic adds of the present invention 
are recombinant As used herein and further defined below, "nucleic add" may refer to either ONA or 
RNA, or molecules which contain both deoxy- and ribonucleotides. The nudeic adds indude genomic 
DNA, cONA and oligonudeotides induding sense and anti-sense nudeic acids. Such nudeic acids 
may also contain modifications in the ribose-phosphate backbone to increase stability and half life of 
such molecules in physiological environments. 

The nucleic add may be double stranded, single stranded, or contain portions of both double stranded 
or single stranded sequence. As will be appreciated by those in the art, the depiction of a single 
strand ("Watson") also defines the sequence of the other strand ("Crick"); thus the sequences depicted 
in the Figures also include the complement of the sequence. By the term "recombinant nucleic add" 
herein is meant nudeic acid, originally formed in vitro, in general, by the manipulation of nucleic add 
by an endonudease and/or a polymerase and/or a figase and/or a recombinase, in a form not 
normally found in nature. Thus a recombinant BTRX/7 or NTR nucleic add, in a linear form, or an 
expression vector formed in vitro by iigating DNA molecules that are not normally joined, are both 
considered recombinant for the purposes of this invention. It is understood that once a recombinant 
nudeic add is made and remtroauced into a host cell or organism, it will replicate non-recombinantly, 
i.e. using the in vivo cellular machin ry of the h st cell rather than tn vitro manipulations: however, 
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1 sucn nucleic acids, once proauced recomDinantiy, although suosequently replicated non- 
recombmantty, are still considered recomoinant tor tne purposes of the invention. 

Similarly, a "recombinant protein" is a protein maae using recombinant tecnniques, i.e. througn the 
expression of a recomDinant nucleic acia as descnbed herein. A recombinant protein is distinguished 
6 from naturally occurring protein by at ieast one or more characteristics. For example, the protein may 
be isolated or purified away from some or all of the proteins and compounds with whicn it is normally 
associated in its wild type host, and thus may be substantially pure. For example, an isolated protein 
is unaccompanied by at least some of the material with which it is normally associated in its natural 
state, preferably constituting at ieast about 0.5%, more preferably at ieast about 5% by weight of the 

1 1 total protein in a given sample. A suostantialiy pure protein comprises at ieiast about 75% by weight of 
the total protein, with at least about 80% being preferred, and at leasrabout 90% being particularly 
preferred. The definition includes the production of a BTRX/7 or NTR protein from one organism in a 
different organism or host ceil. Alternatively, the protein may be made at a significantly higher 
concentration than is normally seen, through the use of an inducible promoter or high expression 

16 promoter or oy increasing the numoer of copies of a nucleic cid encoding the BTRX/7 or NTR protein, 
such that tne protein is made at increased concentration levels. Alternatively, the protein may be in a 
form not normally found in nature, as in the addition of an epitope tag or amino acid substitutions, 
insertions, and/or deletions, as discussed below. 

21 In one embodiment, the present invention provides BTRX/7 and NTR protein variants. These variants 
fail into one or more of three ciasses: substitutional, insertional or deietional variants. These variants 
ordinarily are prepared by site specific mutagenesis of nucleotides in the DNA encoding a BTRX/7 or 
an NTR protein, using cassette mutagenesis, alanine scanning mutagenesis, glycine scanning 
mutagenesis, PCR mutagenesis, gene shuffling or otner techniques well known in the art, to produce e 

26 nucleic acid encoding the variant, and thereafter expressing the nucleic acid in recombinant host cell 
culture as outlined above. However, variant BTRX/7 or NTR protein fragments having up to about 100- 
150 residues may be prepared by in vitro synthesis using established techniques. Amino acid 
seauence variants are characterized by the predetermined nature of the vanation, a feature that sets 
them apart from naturally occumng allelic or intersoecies variation of the BTRX/7 or NTR protein amino 

31 acid sequence. The vanants typically exnibit the same qualitative biological activity as the naturally 

occurring analogue, although vanants can also oe selected wnich have modified charactenstics as will 
be more fully outlined below. 

White the site or region for introducing an ammo acid seauence vanation is predetermined, the 
36 mutation per se neea not be predetermmec. For examoie. in order to optimize the performance of a 
mutation at a given site, ranaom mutagenesis may be conducted at the target codon or region and the 
expressed BTRXri or NTR vanants screened for the optimal combination of aesired activity. 



22 



WO 00/58352 PCT/U SO 0/08566 

Techniques tor making suostitution mutations at predetermined sites in ONA having a known 
seauence are well known and include , for example. M13 pnmer mutagenesis, PCR mutagenesis, 
gene shuffling. Screening of the mutants is done using assays of BTRX/? or NTR protein activities 
and/or properties as defined herein. 

6 Ammo acid substitutions are typically of single residues; insertions usually will be on the order of from 
about 1 to 20 amino acids, although considerably larger insertions may be tolerated. Deletions range 
from about 1 to about 20 residues, although in some cases deletions may be much larger. 

Substitutions, Deletions, insertions or any combination thereof may be used to arrive at a final 
1 1 derivative. Generally these changes are done on a few amino acids to minimize the alteration of the 
molecule. However, larger cnanges may be tolerated in certain circumstances. When small 
alterations in the characteristics of the BTRXh or NTR protein are desired, substitutions are generally 
made in accordance with the following cnart 

16 Chan l 



Original Residue Exemplary Substitutions 

Ala Ser 

Arg Lys 

Asn Gin, His 

21 Asp Glu 

Cys Ser 

Gin Asn 

Glu Asp 

Gly Pro 

25 His Asn, Gin 

He Leu. Val 

Leu lie, Val 

Lys Arg, Gin, Glu 

Me: Leu, ile 

31 Phe Met, Leu, Tyr 

Ser Thr 

Thr Ser 

Trp Tyr 

Tyr Trp, Phe 

36 Val lie. Leu 



Substantial changes in function or immunological identity are made by selecting substitutions that are 
less conservative than those shown in Chart 1. For example, substitutions may be maae which more 
significantly affect: the structure of the polypeotide backbone in the area of the alteration, for example 
the alpha-helical or beta-sheet structure: the cnarge or hyarophobicity of the molecule at the target 
site: or the bulk of the side chain. The substitutions which in general are expected to produce the 
greatest changes in tne polypeptide's properties are those in which (a) a hydrophilic residue, e.g. seryl 
or threonyi, is substituted for (or oy) a hyarophobic residue, e.g. leucyl, isoleucyl, phenylaianyl, valyl or 
aianyl: (b) a cysteine or proline is substituted tor (or by) any other residue: (c) a residue having an 



23 




WO 00/58352 PCT/USOO/08566 

electropositive side cnain. e.g. lysyi, argtnyl, orhistidyt, is substituted for (or by) an electronegative 
residue, e.g. glutamyl or aspartyl. or (d) a residue having a oulky side cnain. e.g. phenylalanine, is 
suostituted for tor by) one not having a side chain, e.g. glycine. 

Covalent modifications of BTRXft or NTR polypeptides are included within the scope of this invention. 
One type of covalent modification includes reacting targeted amino acrd residues of a BTRXft or NTR 
polypeptide with an organic denvattzing agent that is capable of reacting with selected side chains or 
the N-or C-terminal residues of a BTRXn or NTR polypeptide. Derivatization with bifunctional agents 
is useful, for instance, for crosslinking a BTRXfc or NTR protein to a water-insoluble support matrix or 
sunace for use in the method of purifying anti-Btrxh or anti-NTR antibodies or screening assays, as is 
more fully described below. Commonly used crosslinking agents include, e.g., 1,l-bis(diazoacetyl)-2- 
pnenyiethane, giutaraldehyde, N-hyaroxysucbnimide esters, for example, esters with 4-azidosaiicylic 
acid, nomobtfunctional imiooesters. including disuccinimtdyi esters such as 3 t 3'-dithiobis(succinimidyf- 
prooionate), bifunctional maieimides such as bis-N-maieimido-1 ,6-octane and agents such as methyl- 
3-((p-azidODhenyl)dttnio)propioimidace. 

Other modifications include deamioaiion of giutaminyl and asoaraginyl residues to the corresponding 
glutamyl and asoartyf residues, respectively, hyaroxyiation of proline and lysine, phosphorylation of 
hyaroxyi groups of seryl or threonyi residues, methytation of the "amino groups of lysine, arginine. and 
histidine side chains (T.E. Creighton, Proteins: Structure and Molecular Properties . W.H. Freeman & 
Co.. San Francisco, pp. 79-86 (1983)], acetylation of the N-terminai amine, and amidation of any C- 
termmal carboxyl group. 

Another type of covaient modification cf the BTRX/7 or NTR polypeptide included within the scope of 
this invention comprises altering the native glycosylation pattern of the polypeptide. "Altering the 
native giycosyiation nattem" is intended for purposes herein to mean deleting one or more 
carbohydrate moieties found in native sequence of a BTRX/7 or NTR polypeptide, if present and/cr 
adding one or more giycosyiation sites that are not present in the native sequence BTRX/7 or NTR 
ooiypeotiae. 

Addition of giycosyiation sites to Brtxn or NTR polypeptiaes may be accomplished by altenng the 
ammo acid seauence thereof. The alteration may be made, for example, by the addition of, or 
substitution by. one or more senne or Threonine resiaues to the native seauence BTRX/i or NTR 
poiypeptioe (for O-linked giycosyiation sites). The alteration aiso may be made, for example, by the 
addition of. or substitution Dy one or more Axn-Xaa-Ser/Thr sites (Xaa = any amino aod) in the native 
sequence BTRXn or NTR polypeptide {for N-linked giycosyiation sites). The BTRXh or NTR ammo 
acta sequence may optionally oe altered througn cnanges at the DNA level, particularly by mutating 
the DNA encoaing the BTRX/j or NTR polypeptide at preselected bases such that codons are 
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Anotner means of increasing the numoer of carbohydrate moieties on the BTRX/7 or NTR polypeptide 
is by cnemicai or enzymatic coupling of glycosides to the polypeptide. Such methods are described in 
the art. e.g., in WO 87/05330 publisned 1 1 September 1987. and in Aplin and Wriston. CRC Crit. Rev. 
6 * Biochem. , pp. 259-306 (1981). 

Removal of carbohydrate moieties present on the BTRX/? or NTR polypeptide may be accomplished 
chemically or enzymaticaily or by mutational substitution of codons encoding for amino arid residues 
that serve as targets for gtycosylaton. Chemical degtycosyiation techniques are known in the art and 
1 1 described, for instance, by Hakimuddin, et al., Arch. Biochem. Bioohvs.. 259:52 (1987) and by Edge et 
aL, Anal. Biochem.. H8:131 (1981). Enzymatic cleavage of carbohydrate moieties if present on 
polypeptides or variant polypeptides can be achieved by the use of a variety of endo-and exo- 
glycosidases as described by Tnotakura et at., Meth. EnzvmoL 138:350 (1987). 

16 Another type of covaient modification of BTRX/7 or NTR polypeptide comprises linking the BTRX/7 or 
NTR polypeptide to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol, 
polypropylene giycol, or pofyoxyafkylenes, in the manner set forth in U.S. Patent Nos. 4,640,835; 
4,496,689; 4,301,144; 4,670,417; 4,791,192 or 4,179,337. 

21 BTRX/7 or NTR polypeptides of the present invention may also be modified in a way to form chimeric 
molecules comprising an BTRX/7 or NTR polypeptide fused to another, heterologous polypeptide or 
amino acid sequence. Encompassed within this embodiment are Btrxh-NTR fusions. In one 
embodiment, such a chimeric molecule comprises a fusion of a BTRX/? or NTR polypeptide with a tag 
polypeptide which provides an epitope to which an anti-tag antibody can selectively bind. The epitope 

26 tag is generally piaced at the amino-or carooxyl-terminus of the BTRX/7 or NTR polypeptide but may 
be incorporated as an internal insertion or substitution. The presence of such epitope-tagged forms of 
a BTRX/i or NTR polypeptide can be detected using an antibody against the tag polypeptide. Also, 
provision of the epitope tag enables the BTRX/7 or NTR polypeptide to be readily purified by affinity 
purification using an anti-tag antibody cr another type of affinity matrix that binds to the epitope tag. In 

31 an alternative emoodiment, the chimenc molecule may comprise a fusion of a BTRX/7 or NTR 

polypeptide with an immunoglobulin or a oarticuiar region of an immunoglobulin. For a bivalent form of 
the cntmenc molecule, such a fusion could oe to the Fc region of an IgG molecule as discussed further 
below. 

36 Vanous tag polypeptides and their respective antibodies are well known in the art. Examples include 
poly-histidine (poiy-his) or poly-histidine-giycine (poiy-his-gly) tags; the flu HA tag polypeptide and its 
antibody 12CA5 [Field et al., Mol. Cell. Biol. . 8:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 
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1 6E10. B7 and 9E10 antibodies thereto [Evan et ai., Molecular and Cellular Bioioov . 5:3610-3616 
(1985)]; and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody [Paoorsky et ai., 
Protein EnoineennQ , 3(6):547-553 (1990)]. Other tag polypeptides include the Fiag-peptide [Hopp et 
al. t BioTechnoioov . 6:1204-1210 (1988)); the KT3 epitope peptide [Martin et at., Science . 255:192-194 
(1992)]; tubulin epitooe peptide [Skinner et aL J. Biol. Chem. . 266:15163-15166 (1991)]; and the T7 

6 gene 10 protein peptide tag [Lutz-Freyermuth et ai., Proc. Nat'. Acad. Sci. USA , 87:6393-6397 (1990)] 
and the histidme tag and metal binding sites (Smith, Ann. NY. Acad. ScL, 646:315-321 (1991)], with 
the Flag and histidine tag oeing preferred. 

In an embodiment herein, nucleic ados compnsing sequences homologous to the exemplified BTRX/i 
1 1 and NTR proteins of other organisms or tissues or alleles are cloned and expressed as outlined below. 
Thus, probe or degenerate polymerase chain reaction (PCR) primer sequences may be used to find 
other related BTRXft or NTR proteins from humans or other organisms. As will be appreciated by 
those in the art, particularly useful probe and/or PCR primer sequences include the unique areas of 
the BTRX/j or NTR nucleic acid sequence. As is generally Known in the art, preferred PCR primers 
16 are from about 1 5 to about 35 nucleotides in length, with from about 20 to about 30 being preferred, 
and may contain inosine as needed. The conditions for the PCR reaction are well Known in the art 
(Innis et a/., 1990). It is therefore also understood that provided along with the sequences in the 
sequences listed herein are portions of those sequences, wherein unique portions of 15 nucleotides or 
more are particularly preferred. The skilled artisan can routinely synthesize or cut a nucleotide 
21 sequence to the desired length. 

Once isolated from its natural source, e.g., contained within a piasmid or otner vector or excised 
therefrom as a linear nucleic acid segment the recombinant Brtxh or NTR nucleic acid can be further- 
used as a probe to identify and isolate related Brtxh or NTR nucleic acids. It can also be used as a 
26 "precursor" nucleic acid to make modified or variant BTRX/j or NTR nucleic acids and proteins. 

Using the nucleic acids of the present invention wnich encode an BTRX/7 or NTR protein, a variety of 
expression vectors are made. The expression vectors may be either self-replicating 
extracnromosomal vectors or vectors which integrate into a host genome. Generally, these 

31 expression vectors inciuae transcriptional and transiational regulatory nucleic acid operabiy linked to 
the nucleic acia encoaing the BTRX/? or NTR protein. The term "control sequences" refers to nucleic 
acid sequences necessary for The expression of an operabiy linked coding sequence in a particular 
host organism. The control seauences that are suitable for proKaryotes. for example, include a 
promoter, ootionally an operator seouence, and a noosome binding site. Eukaryottc cells are known to 

36 utilize promoters, polyaaenyiation signals, and enhancers. 

Nucleic acid is "ooerably linked" wnen it is placed into a functional relationship with another nucleic 
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1 acid seauence. For example, DNA for a oresequence or secretory leader is operably linked to DNA 
for a polypeptide if it is expressed as a oreorotein that participates in the secretion of the polypeptide; 
a promoter or ennahcer is ODerably itnKed to a coding seauence if it affects the transcription of the 
sequence: or a ribosome binding site is operabiy linked to a coding sequence if it is positioned so as to 
facilitate translation. As another example, ooeraoiy linked refers to DNA sequences linked so as to be 

6 contiguous, and, in the case of a secretory' leader, contiguous and in reading phase. However, 

enhancers oo not have to be contiguous. Linking is accomplished by ligation at convenient restriction 
sites. If sucn sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in 
accordance with conventional practice. The transcriptional and translations! regulatory nucleic acid 
will generally be appropnate to the host cell used to express the 3TRX/> or NTR protein; for example, 
1 1 transcriptional and translation^ regulatory nucleic acid sequences from barley are preferably used to 
express the NTR protein in barley. Numerous types of appropriate expression vectors, and suitable 
regulatory sequences are known in the an for a variety of host cells. 

In general, the transcriptional and translations! regulatory sequences may include, but are not limited 
16 tc, promoter sequences, ribosomaf binding sites, transcriptional start and stop sequences, 
translations! start and stoo sequences, and enhancer or activator sequences. In a preferred 
embodiment, the regulatory sequences include a promoter and transcriptional start and stop 
sequences. 

21 Promoter sequences encode either constitutive or inducible promoters. The promoters may be either 
naturally occurring promoters or hybrid promoters. Hybrid promoters, which combine elements of 
more than one promoter, are also known in the an, and are useful in the present invention. 

In addition, the expression vector may comprise additional elements. For example, the expression 
26 vector may have two replication systems, thus allowing it to be maintained in two organisms, for 
example in mammalian or plant ceils for expression and in a procaryotic host for cloning and 
amplification. Furthermore, for integrating expression vectors, the expression vector contains at least 
one sequence homologous to the host cell genome, and preferably two homologous sequences which 
flank the expression construct The integrating vector may be directed to a specific locus in the host 
31 cell by selecting the appropriate homologous sequence for inclusion in the vector. Constructs for 
integrating vectors are well known in the art. 

in addition, in a preferred embodiment, tne expression vector contains a selectable marker gene to 
allow the selection of transformed host cells. Selection genes are well known in the an and will vary 
36 with the host cell used. 

A preferred expression vector system for use rn plant ceils and tor production of transgenic plants are 
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provided herein and in the Examples. 

BTRXh or NTR proteins of the present invention are produced by cuitunng a nost cell transformed with 
an expression vector containing nucleic acid encoding a BTRXh or NTR protein, under the appropriate 
conditions to inauce or cause expression of tne BTRXh or NTR protein. The conditions appropriate for 
BTRXh or NTR protein expression will vary with the cnoice of the expression vector and the host cell, 
and will be easily ascertained by one skilled in the an through routine expenmentabon. For example, 
the use of constitutive promoters in the expression vector will require optimizing the growth and 
proliferation of the nost cell, while the use of an inducible promoter requires the appropriate growth 
conditions for inouction. In addition, in some embodiments, the timing of the harvests important For 
example, the bacuioviral systems used in insect cell expression are lytic viruses, and thus harvest time 
selection can be crucial for product yield. 

ApDropnate nost cells incluae plant, yeast, bacteria, archebacteria, fungi, insect, and animal cells, 
including mammalian cells. Of oarticular interest are plant embryos, plant seeds and grains, root cells, 
stem cells, leaf celts, and other plant celts. Drosophita melangaster ceils, Saccharomyces cerevissae 
and other yeasts, E. co//, Bacillus suDWis, SF9 ceils, C129 ceils, 293 cells, Neurospora, BHK, CHO* 
COS, and HeLa cells, fibroblasts, Schwanoma cell lines, immortalized mammalian myeloid and 
lymphoid ceil lines, with HeLa, SF9, and piant cells being preferred. 

In a preferred embodiment, the BTRX/? or NTR proteins are expressed in seed, grain, root stem, leaf 
cells etc of dicotyledonous plants and monocotytedonous plants. Thus, BTRXh and NTR are 
expressed, for example, in wheat (Triticum spp.), rice {Oryza spp.), barley {Hordeum spp.), oat (Avena 
sop.), rye (Seca/e spp.), maize, com (Zea mays), sorghum (Sorghum spp.), millet (Pennisetum spp.). 
Brassica spp., soyDean, cotton, beans in general, rape/canoia, alfalfa, flax, sunflower, safftower, 
cotton, tobacco, flax, peanut cover, cowoea. grapes, forages grass varieties; vegetables such as 
lettuce, tomato, curcurbits, cassava, potato, carrot radish, pea, lentils, cabbage, sugar beets, 
cauliflower, oroccoii. sugar beats. Brussels sorouts, peppers; tree fruits such as citrus, apples, pears, 
oeaches, apncots, walnuts; and ornamentals such as turf grasses, carnations and roses. In'a 
preferred embodiment the present invention can be employed with barley genotypes including, but not 
limited to Morex, Harrington , Crystal, Stander. Moravian III, Galena. Salome, Steptoe, Klages, 
Baronesse, and with wheat genotypes including, but not limited to Yecora Rojo, Bobwhite. Karl and 
AnzE. in general, the invention is particularly useful in cereals. 

A numoer of recombinant vectors suitable for stable transfection or transformation of plant cells or for 
the establishment of transgenic plants have oeen described including those described in Weissbach 
and Weissoach (1989), and Geivin et a/. (1990). Tyoically, plant transformation vectors include one or 
more clonea Dlant genes (or cDNAs) unoer the transactional control of 5' and 3* regulatory 
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sequences, and a dominant selectable marker. Such plant tran s for ma tion vectors typically also 
contain a promoter regulatory region (e.g.. a regulatory region controlling inducible or constitutive, 
environmentally or developmental^ regulated, or cell- or tissue-specific expression), a transcription 
initiation start site, a ribosome binding site, an RNA processing signal, a transcription termination site, 
and/or a polyadenytation signal. 

Examples of constitutive plant promoters that may be useful for expressing the an operativeiy finked 
nucleic arid include: the cauliflower mosaic virus (CaMV) 35S promoter, which confers constitutive, 
high-level expression in most plant tissues (see, e.g, Odel ef a/., 19B5. Dekeyser ef aA, 1990, Terada 
and Shimamoto, 1990; Benfey and Chua, 1990); the nopaiine synthase promoter (An et a/., 1988); the 
maize ubiquitin promoter (Chrisiianson & Quail, 1996) and the octopine synthase promoter (Fromm et 
aL 1989). 

A variety of plant gene promoters that are regulated in response to environmental, hormonal, 
chemical, and>or aeveiopmenta! signals, also can be used for expression of the Btrwh or NTR nucleic 
acid in plant cells, including promoters regulated by: (a) heat (Caliis et aL, 1988; Aintey, ef at. 1993; 
Gilmartin et aL 1992); (b) light (e.g, the pea rt>cS-3A promoter, Kuhlemeier ef a/., 1989, and the maize 
rbcS promoter, Schaffnerand Sheen, 1 99 1 ); (c) wounding <e.g, wunl, Siebertz et aL, 1 9893; (d) 
hormones, such as aDscisic acid (Marcotte et a).. 1989); and (e) chemicals sucn as methyl jasminate 
or salicylic acid (see aiso Gatz. 1997). 

In an alternative embodiment tissue or organ specific (root leaf, flower, and seed for example) 
promoters (Carpentered a/., 1992; Denis et a/., 1993; Opperman era/.. 1994; Stockhauser ef a/. t 
1997; Roshal et aL, 1987; Schemthaner e: a/., 1988; Bustos ef a/., 1989) can be ooerably linked to the 
coding sequence to obtain particular expression in respective organs. For instance, monocot 
tissue-specific promoters may be used to attain expression in the aleurone (U.S. Patent No. 
5,525/716) or the enaosperm (U.S. Patent No. 5,677,474) of cereal and other grains. 

In a preferred embodiment, a transgene o: the invention, the Btrwh or NTR nucleic acid, is expressed 
in an edible pan of a plant. By "edible" herein is meant at least a pan of a piant that is suitable for 
consumption by humans or animals (fish, crustaceans, isopods, aecapods, monkeys, cows, goats, 
pigs, rabbits, horses, birds (chickens, carrots etc). Accordingly, "edible" embraces food for human 
consumption and feed for animal consumption and inciuaes, for example, dough, bread, cookies, 
pasta, pastry, beverages, beer, food additives, thickeners, malt, extracts made from an edible part of 
piants, animals feeds, and tne like. An edible part of a piant includes for example, a root, a tuber, a 
seeo, grain, a flower, fruit, leaf etc. The skillea artisan is aware that expression of the transgene is 
effected in any tissue, organ or part of a otant by employing a promoter that is active in the selected 
pan of the piant the transgene is to be expressed. In a preferrea emoodiment the transgene is 
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i expressed in a seed or grain, preferably under control of a seed- or grain-sDecific oromoter. 

The exoression of a Btrwn or NTR nuaeic acid transgene in seeds or grams according to the present 
invention is preferably accomplished by operably linking a seed-specific or grain-specific promoter to 
the nucleic acid molecule encoaing the transgene Btrwh or NTR protein. In this context, 

6 "seed-soecific" indicates that the promoter has enhanced activity in seeds compared to other plant 

tissues; it does not require that tne ©remoter is solely active in the seeds. Accordingly , "grain-specific" 
indicates that the promoter has enhanced activity in grains compared to other plant tissues; it does not 
require that the promoter is soleiy active in the grain. Preferably, the seed- or grain-specific promoter 
selected will, at the time when tte promoter is most active in seeds, produce expression of a protein in 

1 1 the seed of a plant that is at least about two-fold greater than expression of the protein produced by 
that same promoter in tne leaves or roots of the plant However, given the nature of the Btrwx and 
NTR protein, it may be advantageous to select a seed- or grain-specific promoter that causes little or 
no protein exoression in tissues other than seed or grain, in a preferred embodiment a promoter is 
specific for seea and grain expression, such that expression in the seed and grain is enhanced as 

16 compared to other plant tissues but does not require that the promoter be sole activity in the grain or 
seed. In a preferred embodiment the promoter is M specific ,, for a structure or element of a seed or 
grain, such as an embryo-specific promoter. In accordance with the definitions provided above, an 
embryo-specific promoter has ennancea activity in an embryo as compared to other pans of a seed or 
grain or a plant and does not require its activity to be limited to an embryo. In a preferred 

21 emoodimem, the promoter is "maturation-specific" and accordingly has enhanced activity 

developmental^ during the maturation of a pan of a plant as compared to other parts of a ptant and 
does not reauire its activity to be limited to the development of one pan of a plant 

A seeo- or grain-speciftc promoter may oroduce expression in vanous parts of the seed or grain, 
26 including tne endosperm, embryo, aieurone etc. or grain. Any seed- or grain-specific promoter may be 
used for this purpose, although i* will be advantageous to select a seed- or grain-specific promoter that 
produces high level expression of the protein in the plant seed or grain. Known seed- or grain-specific 
promoters include those associated with genes that encoae plant seed storage proteins such as 
genes encoding: bariey hordeins, nee giutelins, oryzins, or prolamines: wneat gliadins or giutenins; 
31 maize zeins or giutelins; maize emnryo-soeaftc promoter; oat giutelins; sorghum kafinns; millet 
pennisetins; or rye secalins. 

The oaney horaein promoters (aescribed in more detail below) are seed- or gram-specific promoters 
that were used in the illustrative Examples. 

36 

In cenam embodiments, the seeo- or grain-specific promoter that is selected is a maturation-specific 
promoter. The use of promoters that confer enhanced exoression dunng seed or gram maturation 
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1 (sucn as the barley hordein oromoters) may result in even higher levels of thioredoxin expression in 
the seed. 

By H seed or grain-maturation" herein refers to the period starting with fertilization in which 
metaoolizable food reserves (e.g., proteins, lipids, starch, etc.) are deposited in the developing seed. 
6 particularly in storage organs of the seed, including the endosperm, testa, aleurone layer, embryo, and 
scuteliar epithelium, resulting in enlargement and filling of the seed and ending with seed desiccation. 

Members of the grass family, which include the cereal grains, produce dry, one-seeded fruits. This 
type of fruit, is strictly, speaking, a caryopsis but is commonly called a kernel or grain. The caryopsts of 
1 1 a fruit coat or pericarp, whicn surrounds the seed and adhere tightly to a seed coat The seed 

consists of an embryo or germ and an endosperm enclosed by a nuceilar epidermis and a seed coat 
Accordingly the grain comprises the seed and its coat or pericarp. The seed comprises the embryo 
and the endosperm. (R. Carl Hoseney in "Principles of Cereal Science and Technology", expressly 
incorporated by reference in its entirety). 

16 

In a preferred embodiment a hordein promoter is opetably linked to a BTRX/7 or NTR nucleic acid. By 
"hordein promoter" and grammatical equivalents herein is meant a barley promoter that directs 
transcription of a hordein gene in bariey seeds or grain. A number of barley hordein genes and 
associated promoters have oeen described and characterized, including those for the B-, C-, D-, and 

21 Gamma-hordeins (Brandt ef a/., 1985; Forae et a/., 1985; Rasmussen and Brandt, 1986, Sorensen et 
aL, 1996). The activities of these promoters in transient expression assays have also been 
cnaractenzed (Entwistie er aL, 1991; Muiier and Knudesen, 1992; Sorensen et ai, 1996). While any 
hordein promoter may be employed for tnis invention, the specific Examples provided describe the use 
of the promoter sequences from the B n - and D-horaein genes of baney. The nucleic acid sequences of 

26 the oariey B<- and D-horaein genes are shown in SEQ ID NOs:1 1 and 12 , respectively and in Figures 
11 and 12 (the promoter region excludes those nucleotides that encode the hordein signal peptide that 
is shown underlined). Ssrensen et aL, (1 996) describes ptasmids that comprise the B,- and D-hordein 
promoters operably linked to a beta-giucuronidase gene (u/dA; gus) and the Agrobactenum 
tumefactens nopaline synthase 3' poiyadenylation site (nos). These ptasmids may be conveniently 

31 utilized as sources of both the horaein oromoters and the nos poiyadenylation site. 

One of skill in the an will aporeaate mat tne length of the hordein promoter region may also be greater 
or less than tne seouences aeDicted in Figures 11 and 12. For example, additional 5' sequence from 
the horaein gene uostream region may be added to the promoter sequence, or bases may be 
36 removed from the aepicted sequences. However, any hordein promoter sequence must be able to 
direct transcnption of an operably linkea seauence in plant seed or grain. The ability of a barley 
hordein promoter to direct transcnption of a protein in a plant seed may readily be assessed by 
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ooerabiy iinKing the promoter seauence to an open reading frame (ORF) that encodes a readily 
aetectaoie protein, sucn as the gus ORF. introducing the resulting construct into oiants and then 
assessing expression of the protein in seeos of the plant (see Ssrensen era/.. 1996). A horaein 
promoter will typically confer seeo-specific expression, meaning that expression of the protein 
encoded by the operably iinKed ORF will generally be at least aoout twice as high (assessed on an 
activity basis) in seeds of the stably transiected ptant compared to other tissues such as leaves. More 
usually, the nordein promoter wi!l produce expression in seeds that is at least about 5 times higher 
than expression in other tissues of the plant. 

Function^ homologs of the barley horaein promoters disclosed herein may be obtained from other 
plant species, such as from other monocots, including wneat, rice and com. Such homologs may have 
specified levels of sequence identity with the prototype hordein promoters (e.g., at least 40% 
sequence identity). The functional homologs retain hordein promoter function, i.e., retain the ability to 
confer seed- or grain-specific expression of operably linked ORFs wnen introduced into plants (Marris 
et a/., 1988; Mena et a/., 1998). Accordingly, where reference is made herein to a hordein promoter, it 
will be unaerstood that sucn reference includes not oniy nucieic acid molecules having the sequences 
of the prototypical sequences disctosec herein (or variations on these sequences), but also promoters 
from hordein gene homologs. Also induced within the scope of such terms are molecules that differ 
from the disclosed prototypical molecules by minor variations. Such variant sequences may be 
produced by manipulating the nucleotide sequence of hordein promoter using standard procedures 
such as site-directed mutagenesis or the polymerase chain reaction. Preferably, the seed- or grain- 
specificity of the promoter is retained. Examples of dicot promoters that can oe used include for 
example soybean giycinins and con-giycinins. and kidney bean ohaseoiin promoters. 

In a preferred emoodimen:, the vector for otant expression of BTRX/j and NTR polypeptides 
comprises a signal sequence which encoaes a signal peptide. As described in the Examples below, 
the inventors have discovered that the level of expression of a transgene in seed or grain can be 
enhanced by the presence of a signal peptide, in one of the Examples described below, the B, hordein 
signal peptide was utilized. In particular, it was discovered that the expression of thioredoxin protein in 
seed or gram is ennanced wnen the ORF encoding the protein is operably linked to .both a hordein 
promoter and a hordein signai seauence encoding the signal peptide. (For convenience, the nucleic 
acid sequence encoding a signal peotide is referred to nerem as a signai sequence (SS).) While not 
wishing to be bound by theory, it is prcoosed that the hordein signai peptide directs expression of the 
thioredoxin protein to a protected suoceilular location, such as a vacuole or protein body. It is further 
proposed that proteins directed to sucn vacuoles are protected from Droteoiysis dunng certain stages 
of seed or grain maturation. In addition, tne sequestration of the BTRX/) or NTR Drotein to such a 
location may also serve to orotec: tne matunng seeas or grain from detnmental effects associated with 
over-expression of saio proteins. 
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The horaein signal peptide typically comprises about the first 15-25 amino acids of the nordein gene 
ORF, more usually about 18-21 amino acds. The nucleotide ana amino acid sequences of the horaein 
signal sequence and peptide of the prototypical barley B1- and D-hortiein genes are snown in SEQ ID 
NO:1 1-12 and Figures 1 1 and 12. One of skill in the art will appreciate that while the B.-hordetn signal 
sequence ana signal peptide are utilized in the examples described below, the invention is not limited 
to these specific sequences. For example, homologous seauences may be used as effectively, as 
may sequences that differ in exact nucleotide or amino acid sequences, provided that such sequences 
result in ennanced levels of the encoded protein in immature seed or grain. Typically, "enhanced 
expression" will be expression that is about twice that observed with an equivalent construct tacking 
the signal sequence. Accordingly, the term "horaein signal sequence" and "horaein signal peptide" 
includes not only the particular sequences shown herein, but also homologs and variants of these 
sequences. 

Furthermore, the invention is not limited to the use of hordein signal peptides. Other signal peptides 
that serve to localize the thioredoxin co-transiationally or post-transtationally to a selected seed, grain 
or celt compartment may be employed. Other such signal sequences include those associated with 
storage proteins in maize, rice, wneat soyoeans. beans, and tobacco (see for example: Bagga et a/., 
1997; Torrent et a/., 1997; Wu ef a/., 1998; Zneng et a/., 1995; Grimwade ef a/., 1996; Conrad et a/., 
1998; and Takaiwa ef a/., 1995.) 

In a preferred embodiment plant transformation vectors may also include RNA processing signals, for 
example introns, which may be positioned upstream or downstream of the ORF sequence in the 
transgene. In addition, the expression vectors may also include additional regulatory sequences from 
the 3' untranslated region of plant genes, e.g., a 3* terminator region to increase stability of the mRNA, 
such as the PWI terminator region of potato or the octopine or nopaline synthase (nos) 3' terminator 
regions. 

Finally, as noted above, ptant transformation vectors may also include dominant selectable marker 
genes to allow for the ready selection of transformants. Such genes include those encoding antibiotic 
resistance genes (e.g, resistance to hygromycin, kanamycin, bleomycin, G418, streptomycin or 
spectinomycin) and herbiciae resistance genes (e.g., phospninothricin acetyttransferase). 

The vector and transcriptional regulatory elements used for transgene expression is selected at the 
discretion of the practitioner, in some instances, enhanced BTRXrt or NTR polypeptide expression 
and/or activity is aesired, and the resDective transgene encoding sequence is operably linked to a 
high-level oromoter such as the maize ubiquitin 1 promoter. Enhanced BTRX/j or NTR activity may 
also be achieved by introaucmg into a ptant a transformation vector containing a vanant form of the 
BTRX/» or NTR polypeptide encoding sequence, for example a form which varies from an exemplified 
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1 sequence but encoaes a protein that retains BTRX/7 or NTR biological activity. 

Over-expression of BTRX/7 or NTR in piant or other type of eukaryotic or procaryotic expression 
system is usually measured as the increase in the BTRX/7 or NTR activity present in a sample. Such 
over-exDression can be measured using standard thioredoxin activity and NTR activity assays. As 
6 used here, cells, tissues, or plants over-expressing BTRX/7 or NTR, or nomoiogous or dehved proteins 
having BTRX/? or NTR polypeptide activity, generally will have activity levels attributaole of at least 5% 
over that found in tne equivalent wild-type (nontransformed) sample. Where particularly hign levels of 
over-expression are aesired, transformed ceiis will express at least 30%, more preferably at least 
50%, even more preferred at least 70%, or most preferreo at least 100% more uiioreooxin or NTR 
1 1 activity attributable in comparison to an equivalent wild-type or null segregant sample. Overexpression 
of BTRX/? or NTR polypeptide activity also may be measured by assessing the amount of protein in 
plant tissues using well-known orocedures. 



In an alternative embodiment a reduction of BTRX/7 or NTR activity, preferably in a transgenic plant 
16 may oe obtained by introducing into plants an antisense construct based on a BTRX/7 or NTR 

encoding sequence. For antisense suporession, a BTRX/7 or NTR encoding sequence is arranged in 
reverse orientation relative to the promoter sequence in the transformation expression vector. The 
introduced sequence need not be a full length barley thioreooxin h or NTR encoding sequence, and 
need not be exactly homologous to the native thioredoxin h or NTR cDNA or gene found in the plant 
21 species, type, cultivar, varietal, or subspecies to be transformed. Generally, however, where the 
introaucea seauence is of snorter length, a higher degree of homology to the native thioredoxin 
sequence will be neeaed for effective antisense suppression. 

The introduced antisense sequence in the vector generally will be at least 30 nucleotides in length, 
26 and improved antisense suppression will typically be observed as the length of the antisense 

sequence increases. Preferably, the length of tne antisense sequence in the vector will begreater than 
100 nucleotides. Transcription of an antisense construct as described results in the production of RNA 
molecules that are the reverse complement of mRNA molecules transcribed from the endogenous 
thioredoxin or NTR gene in the piant ceil. Afthougn the exact mechanism by which antisense RNA 
molecules interfere with gene expression has not been elucidated, without being oound by theory, the 
antisense RNA moiecuies bind to the endogenous mRNA molecules and thereby inhibit translation of 
the endogenous mRNA.. Tne production and use of anti-sense constructs are disclosed, for instance, 
in U.S. Pat. Nos. 5.773.692 (using constructs encoding anti-sense RNA for chlorophyll a/b binding 
protein to reduce plant chlorophyll content), and 5,741.684 (regulating tne fertility of pollen in vanous 
plants thraugn the use of anti-sense RNA to genes involved in pollen development or function). 

Suppression of endogenous thioreooxin or NTR gene exoression can also be achieved using 
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1 ribozymes. Ribozymes are synthetic RNA molecules that possess highly specific endoribonuciease 
activity. The proauction and use of ribozymes ar disclosed in U.S. Patent No. 4,987,071 to Cech and 
U.S. Patent No. S. 542, 508 to Haselhoff. Inclusion of ribozyme sequences within antisense RNAs may 
be used to confer RNA cleaving activity on tne antisense RNA, such that endogenous mRNA 
molecules that bind to the antisense RNA are cleaved, leading to an enhanced antisense inhibition of 

6 enaogenous gene expression. 

In another embodiment constructs from which a BTRX/7 or NTR encoding sequence (or a variant 
thereof) is overexpressed may be used to obtain co-suppression of the endogenous thioredoxin gene 
in the manner described in U.S. Patent No. 5,231,021 to Jorgensen. Such (^suppression (also 
1 1 termed sense suppression) does no: require that the entire BTRX/j or NTR encoding sequence be 
introduced into the plant cells, nor does it require that the introduced sequence be exactly identical to 
the endogenous thioredoxin gene. However, as with antisense suppression, the suppressive 
efficiency is enhanced as (1) the introduced sequence is lengthened and (2) the sequence similarity 
between the introauced sequence and the endogenous thioredoxin h gene is increased. 

16 

In another embodiment constructs expressing an untranslatable form of a BTRX/> or NTR message 
may aiso be used to suppress the expression of endogenous thioredoxin or NTR activity. Methods for 
producing such constructs are described in U.S. Patent No. 5,583,021 to Dougherty. Preferably, such 
constructs are maae by introducing a premature stop codon into the BTRX/? or NTR ORF. 

21 

Methods of introducing exogenous nucleic acids into a plant host or plant host cells are known in the 
art Accordingly, the transformation vector is introduced into plant cells by one of a number of 
technioues (e.g. eiectroporation) and progeny plants containing the introduced nucleic acid molecule 
are selected. Preferaoiy all or part of the transformation vector will stably integrate into the genome of 
26 the plant cell. The part of the transformation vector that integrates into the plant cell, and which 

contains the introduced encoding seauence and associated expression contrefling sequences (the 
introduced "transgene"), may be referred to as the recombinant expression cassette. 

Selection of progeny plants containing the introauced transgene may be made based upon the 
31 detection of an altered phenotype. Such a phenotype may result directly from the expressed encoding 
sequence cloned into the transformation vector (for instance, altered thioredoxin h expression) or may 
be manifested as enhanced resistance to a chemical agent (such as an antibiotic) as a result of the 
inclusion of a aominant seiecxabie marxer gene incorporated into the transformation vector. 

36 Successful examples of the modification of plant cnaractenstics by transformation with cloned cDNA 
sequences are reotete in the tecnmcai and scientific literature. Selected examples, which serve to 
illustrate the knowledge in this field of tecnnotogy include: 

35 
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U.S. Pat No. 5,571,706 ("Plant Virus Resistance Gene and Methods'') 

U.S. Pat No. 5.677,175 ("Plant Pathogen induced Proteins") 

U.S. Pat. No. 5.750.386 ("Pathogen-Resistant Transgenic Plants") 

U.S. Pat No. 5,597,945 ("Plants Genetically Enhanced for Disease Resistance") 

U.S. Pat No. 5,589,615 ("Process fortne Production of Transgenic Plants with Increased 

Nutritional Value Via the Expression of Modified 2S Storage Albumins") 

U.S. Pat. No. 5.750,871 ("Transformation and Foreign Gene Expression in Brassica Speaes") 

U.S. P. No. 5,268,526 ("Over-expression of Phytochrome in Transgenic Plants") 

U.S. Pat No. 5,780.708 ("Fertile Transgenic Com Plants") 

U.S. Pat. No. 5,538,880 ("Method For Preparing Fertile Transgenic Com Plants") 

U.S. Pat No. 5.773,269 ("Fertile Transgenic Oat Plants") 

U.S. Pat No. 5,736,359 ("Method For Producing Transgenic Cereal Plants") 

U.S. Pat No. 5,610,042 ("Methods For Stable Transformation of Wheat") 

U.S. Pat No. 5,780.709 (Transgenic Maize with Increased Mannitol Content") 

PCT publication WO 98/48613 ("Compositions and Methods for Plant Transformation and 

Reaeneration"). 

These examples include descriptions cf transformation vector selection, transformation techniques 
and the construction of vectors designed to express, over-express, or under-express the introduced 
nudeic acid molecule. In light of the foregoing and the provision herein of the BTRXh or NTR encoding 
sequence, it is thus apparent that one of skill in the art will be able to introduce these nudeic add 
sequences, or homologous or derivative forms of this molecule, into plant cells in order to produce 
plants having altered or enhanced barley thioredoxin activity. 

Transformation and regeneration of both monocotyledonous and dicotyledonous plant cells is routine 

in the arc and the practitioner will determine the appropriate transformation technioue. The choice of 

methoa will vary with the type of plant to be transformed: those skilled in the art will recognize the 

suitability of particular methods for given plant types. Suitable methods may include, but are not limited 

to: eiectroporation of plant protoDlasts: iiposome-mediated transformation: polyethylene glycol (PEG) 

mediated transformation; transformation using viruses; micro-iniection of plant cells; micro-projectile 

bomoardment of plant cells; vacuum infiltration; and Agrobactenum iumefaciens (AT>mediated 

transformation. Typical procedures for transforming and regenerating plants are described in the 

oatent documents iistea at the beginning of this section. In addition, certain developments particularly 

enhance regeneration tecnniaues for monocot Diants (see, for instance, U.S. Patents No. 4.666,844 

and 5.589.617. and PCT apDiication WO 98/48613). For instance, a vector compnsing a bariey 

thioreooxin /w»ncoding nucleic acid can be stably introduced to bariey plants as described in a 

numoer of oubiisnea protocols, inauaing Wan and Lemaux 1994; Lemaux er a/.. 1996; and Cho ef a/., 
1998a-c). 
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Depending on the transformation ano regeneration protocol followed, transformeo plants may be 
selected using a dominant seiectaole maimer incorporatea into the transformation vector or earned on 
a companion vector used for co-transformation. Typically, such a marKer will confer antibiotic or 
herbicide resistance on the seedlings of transformed plants, and selection of transformants can be 
accompiisned by exposing the seedlings to appropriate concentrations of the antibiotic. 

After transformed plants are selected and grown to maturity, they can be assayed using the methods 
described herein to determine whether expression of thioredoxin h has been altered as a result of the 
introduced transgene. Expression of the transformed barley thioredoxin h protein can be determined 
by Western blot analysis of transformed piant tissues or extracts using standard procedures. BTRX/? 
and NTR activity assays, as discussed above, can be used to determine the activity of the expressed 
transgenic Btrwx or NTR. Untransformed and negative segregant plants also are preferably assayed 
for activity so the background level of BTRX/? or NTR activity (provided by expression of endogenous 
genes, when present and being expressed) can be determined. 

In a preferred embodiment, the BTRX/? o; NTR proteins are expressed in mammalian ceils. 
Mammalian expression systems are also known in the art and include retroviral systems. A 
mammalian promoter is any DMA sequence capable of binding mammalian RNA polymerase and 
initiating the downstream (3*) transcription of a coding seauence for BTRX/? or NTR protein into 
mRNA. A promoter will have a transcription initiating region, which is usually placed proximal to the 5* 
end of the coding sequence, and a TATA box. usually located about 25-30 base pairs upstream of the 
transcription initiation site. The TATA box is thought to direct RNA polymerase II to begin RNA 
synthesis at the correct site. A mammalian promoter will also contain an upstream promoter element 
(enhancer element), typically located within 100 to 200 base pairs upstream of the TATA box. An 
upstream promoter element determines the rate at which transcription is initiated and can act in either 
orientation. Of particular use as mammalian promoters are the promoters from mammalian viral 
genes, since the viral genes are often highly expressed and have a broad host range. Examples 
include the SV40 early promoter, mouse mammary tumor virus LTR promoter, adenovirus major late 
promoter, herpes simplex virus promoter, and the CMV promoter. 

Typically, transcription termination and poiyadenylation sequences recognized by mammalian cells are 
regulatory regions located 3* to the translation stop codon and thus, together with the promoter 
elements, ftank the coding sequence. The 3' terminus of the mature mRNA ts formed by site-specific 
post-translationai cleavage and poiyadenylation. Examples of transcnption terminator and 
poiyaaenyiation signals include tnose oenved form SV40. 

The methoas of introaucing exogenous nucietc acid into mammalian hosts, as w It as other hosts, is 
well known in the art. ano will vary with tne nost cell used. Techniaues include dextran-mediated 
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transection, calcium pnosphate precipitation, polVDrene mediated transfection, protoplast fusion, 
electroporation. viral infection, encapsulation of the polynucleotide^ ) in liposomes, and direct 
microinjection of the DNA into nuclei 

In a preferred embodiment, BTRXft or NTR proteins are expressed in bacterial systems. Bacteria! 
expression systems are well known in the an. 

A suitable bacterial promoter is any nucleic acid sequence capable of binding bacterial RNA 
polymerase and initiating the downstream (3*) transcription of the coding sequence of BTRX/) or NTR 
protein into mRNA. A bacterial promoter has n transcription initiation region which is usually placed 
proximal to the 5' end of the coding sequence. This transcription initiation region typically includes an 
RNA polymerase binding site and a transcription initiation site. Sequences encoding metabolic 
pathway enzymes provide particularly useful promoter sequences. Examples include promoter 
sequences aerived from sugar metabolizing enzymes, such as galactose, lactose and maltose, and 
sequences derived from biosynthetic enzymes such as tryptophan. Promoters from bacteriophage 
may aiso be used and are known in the art In addition, synthetic promoters and hybrid promoters are 
also useful; for example, the lac promoter is a hybrid of the trp and lac promoter sequences. 
Furthermore, a bacterial promoter can include naturally occurring promoters of non-bacterial origin that 
have the ability to bind bacterial RNA polymerase and initiate transcription. 

In addition to a functioning promoter sequence, an efficient ribosome binding site is desirable, in £ 
co//, the ribosome binding site is called the Shine-Deigarno (SD) sequence and includes an initiation 
coaon and a sequence aoout 3-9 nucleotides in length located about 3-1 1 nucleotides upstream of the 
initiation codon. 



The expression vector may also incluae a signal peptide sequence that provides for secretion of the 
BTRXri or NTR protein in bacteria. The signal sequence typically encodes a signal peptide comprised 
of hydrophobic amino acids which direct the secretion of the protein from the cell, as is well known in 
the art. The protein is either secreted into the growth media (gram-posrtive bacteria) or into "the 
penplasmic soace, located between the inner and outer membrane of the cell (gram-negative 
bacteria). 



The bacterial expression vector may aiso include a selectable marker gene to allow for the selection of 
bacterial strains that have been transformed. Suitable selection genes include genes which render the 
bacteria resistant to drugs sucn as ampicillin. cnioramonentcol, erythromycin, kanamycin, neomycin 
and tetracycline. Selectable marxers aiso include biosynthetic genes, such as those in the histidine. 
tryptophan and leucine Diosyntnetic pathways 
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These components are assemoiea into expression vectors. Expression vectors for bactena are well 
known in the an and include vectors for 3act!tus subtifis, £ coli. Streptococcus cremorrs. and 
Streptococcus tividans. among others. 

The bacterial expression vectors are transformed into bacterial host cells using techniques well known 
in the art, such as calcium chloride treatment, etectroporation, and others. 

In one embodiment, BTRXh or NTR proteins are produced in insect cells. Expression vectors for the 
transformation of insect cells, and in particular, bacuiovinis-based expression vectors, are well known 

in the art. 

In a preferred embodiment BTRX/7 or NTR protein is produced in yeast cells. Yeast expression 
systems are well known in the art, and include expression vectors for Sacchammyces cerews/ae, 
Candida albicans and C. /natosa, Hansenuia poiymorpha, Kiuyveromyces fragilisand K. /actfs, Pichia 
guHienmondii and P. pastoris, Schizosaccnaromyces pombe, and Yanuwia lipoiytica. Preferred 
promoter seauences for expression in yeast include the inducible GAL1,10 promoter, the promoters 
from aiconol denydrogenase, enctase, giucokinase, giucose-6-phosphate isomerase, giyceraldehyde- 
3-phosphate-dehydrogenase, hexokinase, phosphofructokinase, 3-phosphogtycerate mutase, 
pyruvate kinase, and acid phosphatase genes. Yeast selectable markers include ADE2. HIS4, LEU2, 
TRP1 , and ALG7, which confers resistance to tunicamyctn; the neomycin phosphotransferase gene, 
whicn confers resistance to G418; and the CUP1 gene, which allows yeast to grow in the presence of 
copper ions. 

The BTRXh or NTR protein may also be maae as a fusion protein, using techniques well known in the 
art. Thus, for example, for the creation of monoclonal antibodies, if the desired epitope is small, the 
BTRX/7 or NTR protein may be fused to a carrier protein to form an immunogen. Alternatively, the 
BTRX/7 or NTR may be made as a fusion protein to increase expression, or for other reasons. For 
exampie, when the BTRX/7 or NTR -protein is an H. vutgare BTRX/7 or NTR peptide, the nucleic acid 
encoding tne peptide may be linked to another nucleic acid for expression purposes. Similarly, BTRX/7 
or NTR proteins of the invention can oe linked to protein labels, such as green fluorescent protein 
(GFP), red fluorescent protein (RFP), blue fluorescent protein (BFP), yellow fluorescent protein (YFP), 
etc. 

In one emoodiment, the BTRX/? or NTR nucleic acias, proteins and antibodies of the invention are 
labeled. By "labeled" herein is meant that a comoound has at least one element, isotope or chemical 
compouna attacned to enable tne detection of the compouna. In aenerat. labels fall into three classes: 
a) isotopic tabels, which may oe radioactive or heavy isotopes; b) immune labels, which may be 
antibodies or antigens; and c) cotcrec cr fluorescent dyes. The labels may be incorporated into the 
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In a preferrea embodiment, the BTRX/? or NTR protein is purified or isolated after expression, BTRX/? 
or NTR oroteins may be isolated or purified in a variety of ways known to those skilled in the art 
depending on what other comoonents are present in the sample. Standard purification methods 
6 include electroDnoretic, molecular, immunological and chromatographic techniques, including ion 
exchange, hydropnoDic. affinity, and reverse-pnase HPLC chromatography, and chromatofocusing. 
For example, the BTRX/? or NTR protein may De purified using a standard anti-NTR antibody column. 
Ultrafiltration and diafiltration techniaues. in conjunction with protein concentration, are also useful. 
For general guidance in suitable purification tecnniques, see Scopes, R. f Protein Purification, 
1 1 Spnnger-Veriag, NY (1982). The degree of purification necessary will vary depending on the use of 
the BTRX/j or NTR protein. In some instances no purification will be-necessary. 

Once expressed and purified, if necessary, the BTRX/7 or NTR proteins and nucleic acids are useful in 
a number of applications. 

16 

The nucieotiae sequences (or their complement) encoding BTRX/; or NTR proteins have various 
applications in the an of motecuiar biology, including uses as hybridization probes, in chromosome 
and gene mapping and in the generation of anti-sense RNA and DNA. BTRX/? or NTR protein nucleic 
acid will also be useful for the preparation of BTRX/? or NTR proteins by the recombinant techniques 
21 described herein. 



The full-length native sequence BTRX/? or NTR protein gene, or portions thereof, may be used as 
hybridization probes for a cDNA library to isolate other genes (for instance, those encoding naturally- 
occurring, for example, allelic variants of BTRX/? or NTR protein or BTRX/? or NTR proteins from other 

26 genus or species) which have a aesirec sequence identity to the BTRX/? or NTR protein coding 

sequence. Optionally, the length of the orooes will be aoout 20 to about 50 bases. The hybridization 
probes may be denved from the nucleoiide sequences herein or from genomic sequences including 
promoters, ennancer elements and introns of native sequences as provided herein. By way of 
example, a screening method will comprise isolating the coding region of the BTRX/? or NTR protein 

31 gene using the known DNA sequence to synthesize a selected probe of about 40 bases. 

Hybndization probes may be labeled by a variety of labels, including radionuclides such as ^P or M S, 
or enzymatic labels such as alkaline Dhosphatase coupled to the prot>e via avidin/biotin coupling 
systems. Labeled DraDes having a sequence complementary td that of the BTRX/? or NTR protein 
gene of the present invention can be used to screen libraries of human cON A, genomic DNA or mRNA 

36 to aetermme to whicn memoers of sucn libranes the probe hybridizes. 

Nucieotiae sequences encoding a BTRXft or NTR protein can also be used to construct hybridization 
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proDes tor mapping the gene wnich encoaes that BTRX/7 or NTR protein and for the genetic analysis 
of indiviauais with genetic Disorders. The nucleotide sequences orovided herein may oe mapped to a 
chromosome and specific regions of a chromosome using Known techniques, such as in situ 
hybridization, linkage analysis against known chromosomal marKers, and hybridization screening with 
libraries. 

Nucleic acids which encode BTRXb or NTR protein or its modified forms can aiso be used to generate 
either transgenic plants, preferably as described above and in the Examples. 

There are a vinery of techniques available for introducing nucleic acids into viable cells. The 
techniques vary depending upon whether the nucleic acid is transferred into cultured cells in vitro, or in 
vivo in the cells of the intended host Techniques suitable for the transfer of nucleic acid into 
mammalian cells in vitro include the use of liposomes, eiectroporation, microinjection, cell fusion, 
DEAE-dextran. the catcium phosphate precipitation method, microoarticie bombardment (bioiistic) etc. 
The currently preferred in vivo gene transfer techniques include transfecbon with viral (typically 
retroviral) vectors and viral coat Drotein-liposome mediated transfection (Dzau era/., Trends in 
Biotechnology 1 1 , 205-210 [1993]). In some situations it is desirable to provide the nucleic acid 
source with an agent that targets the target ceils to be transformed, such as an antibody specific for a 
cell surface membrane protein or the targei cell, a ligand for a receptor on the target ceil, etc. Where 
liposomes are employed, proteins which bind to a cell surface membrane protein associated with 
endocytosis may be used for targeting and/or to facilitate uptake, e.g. capsid proteins or fragments 
tnereof tropic for a particular cell type, anybodies for proteins which undergo internalization in cycling, 
proteins that target intracellular localization and enhance intracellular half-life. The technique of 
receptor-mediated endocytosis is described, for example, by Wu et a/., J. Biol. Chem. 262 . 4429-4432 
(1987); and Wagner et a/., Proc. Natl. Acad. Sci. USA 87. 3410-3414 (1990). For review of gene 
marking and gene therapy protocols see Anderson era/,, Science 256 . 808-813 (1992). 

In a preferred embodiment the BTRX/j or NTR proteins, nucleic acids, variants, modified proteins, 
cells and/or transgenics containing the said nucleic acids or proteins are used in screening assays. 
Identification of the BTRX/? or NTR protein provided herein permits the design of screening assays for 
compounds that bind or modulate BTRXh or NTR activity. 

"Mooutating the activity of a BTRX/) or NTR protein" inciuaes an increase in activity, a decrease in 
activity, or a cnange in the tyoe or kind o: activity present. Thus, tn this embodiment, the candidate 
agent should both bind to BTRX/? or NTR protein (althougn this may not be necessary), and alter its 
biological or biochemical activity as defined herein. The metnods include both tn vitro screening 
methoas. as are generally outlined above, and tn vivo screening of ceils for alterations in the presence, 
distribution, activity or amoun: of tne 3TRX/7 or NTR protein. 
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1 Methods of assaying a biotcgicai activity c; a thioredoxin h protein are Known in me art. Thioredoxins 
lack a directly measurable catarytic orooercy that can be used in their detection ana quantification. 
Therefore, a specific companion enzyme reaction is necessary to demonstrate and measure the 
activity of tnioredoxin proteins. One of oramary skill in the an will be aware that there are many 
well-established systems that can be employed to measure thioretioxin-mediated reduction of 
6 suostrates. See. for instance. U.S. Patent No. 5.792,506 to Buchanan; Horecka et ai (1996); 

Rivera-Madrid etal. (1995); Wong etai (1995); Jacquot etal. (1990); Fiorencio etat. (1988); Fiorencio 
et al. (1988); Johnson et a/. (1987); Schwenn and SchrieK (1986); and Berstermann era/. (1983). 
Appropriate assay systems may be broken down into four major ciasses: 1) enzyme activation (using 
thioredoxin to modulate another enzyme in a measurable way); 2) ribonucleotide reduction (using 

1 1 thioredoxin as a co-substrate by ribonucleotide reductase); 3) protein disulfide reduction (using 

thioreaoxtn for insulin A-B chain reduction) (Schwenn and Schriek, 1987); and 4) direct measurement 
of disulfide reduction using monobromobimane (mBBr)-denvauve fluorescence (Wong et a/.. 1995). 
Any such system can be used to measure thioredoxin activity. Different techniaues will be more or 
less appropriate to specific plants and tissues. The appropriate technique will be determined at the 

16 discretion of the practitioner. By way of example, the following techniques are appropriate for 
measuring the activity of thioredoxin. 



Because of interference from other enzymes that use NADPH, the activity of thioredoxin h cannot be 
accurately assayed in crude plant extracts. Thus, at least partial purification of the thioredoxin h 
21 protein is necessary. Such partial purification can be carried out using standard protein purification 
techniques, for instance (NH 4 ) 2 SO <4 extraction and column chromatography. See, for example, 
Fiorencio etal. (1988) ana Johnson etat. (1987a.b). 

Thioredoxin h activity-assayabie transgenic barley seed extracts can be prepared in the following 
26 manner. In the embodiment, wherein Btrwn activity is assayed in a plant or plant tissue, such as a 
seed or grain, about fifteen grams of barley grains, may be ground to powder in a coffee grinder or 
other like device. Protein is subsequently extracted from this powder with 80 ml (1:4 w/v) of buffer (50 
mM Tris-HCI buffer, pH 7.9, 1 mM EDTA, 0.5 mM PMSF (phenytmethysulfonyl fiuonde), 2 mM 
e-ammo-n caproic acid, 2 mM benzamidine-HCI) by stirring for three hours at 4°C. The slurry plus the 
31 nnse is then subjected to centrifugation at 25,400 x g for 20 minutes, and the resultant supernatant 
solution aecanted tnrougn glass wooi. The pellet is resuspended in a small volume of buffer and then 
clarified by centrifugation as before. The two suDematant fractions are combined, an aliquot removed 
as a control, and tne remainder suojected to acidification by adjusting the pH from about 7.83 to about 
4.80 with 2 N formic acid. Denatureo Droteins snouid be removed from the acidified solution by 
36 centrifugation as above pnor to assaying for enzyme activity. The pH of the acidified supernatant 
solution is tnen readjusted to 7.91 with 2 N NH.0H ano an aiiouot is removed for enzyme assay. 
Powaered (NH«) ? SO< is adaed to a fina: concentration of 30% (w/v) and the samoie stirred for 20 
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1 minutes at 4*C, followed by centrifugation as describee above. Additional (NH«}jSO, is then added to 
bnng the decanted supernatant solution to 90% (w/v) saturation, and the sample stirred for 16 hours at 
4*C. This sample is centrifuged again as describea above to yield a thioredoxin />-enriched pellet 

The supernatant solution from the thioredoxin n-ennched pellet is discarded, and the pellet 
6 re-suspended in 30 mM Tris-HCI, oK 7.9 buffer. This is then clarified by centrifugation at 40,000 x g for 
15 minutes. The resulting supernatant (30-50% (NH 4 )jS0 4 fraction) should then be placed in dialysis 
tubing (6.000-8,000 MW cut-off) and exposed to solid sucrose at 4°C to obtain an approximate 10-fotd 
reduction in volume. An aliquot (about 1 ml) of the clarified and concentrated 30-90% (NH^O, 
sampie should be reserved. The remaining sample is applied to a pre equilibrated (30 mM Tris-HCI, 
1 1 pH 7.9, 200 mM NaCI) Sephadex G-50 superfine column (2.5 x 90 cm; -400 ml bed volume) with a 
peristaltic pump at a flow rate of 0.5 ml/min. Protein is eiuted from the loaded column with the same 
buffer at tne same flow Tate, and 150-drop fractions collected. Each fraction can be tested for 
thioredoxtn h activity using standard techniques, for instance the NADP-MDH activation protocol (see 
below). Storage of the prepared fractions snould be at 4°C. 

16 

Thioreaoxin h extracted from £ coli is stable after treatment at 60°C for 10 minutes (Mark and 
Ricnarason, 1976). Using this feature of thioredoxtn h proteins, the level of background 
fnon-thioredoxin h) enzyme activity in crude plant extracts can be decreased by heating the crude 
extract at 60°C for aoout ten minutes, using the following protocol. In the example of expression of 

21 BTRXh in transgenic grain, approximately ten grams of, for example, barley grain are ground to 
powder for aoout 30 seconds in a coffee grinder and extracted by shaking for 1 hour at room 
temperature in 50 ml buffer (50 mM Tris-HCI buffer, pH 7.9, 1 mM EDTA, 0.5 mM PMSF, 2 mM 
e-amino-n caproic acid, 2 mM benzamioine-HCl). The slurry plus the rinse is then subjected to 
centrifugation at 27,000 x g for 20 minutes and the supernatant solution decanted through glass wool. 

26 A 20 mi aliquot of the supernatant is then neated at 65°C until sample temperature reaches 60+1 *C 
(-10 minutes). The sampie is then heid at 60°C for 10 additional minutes, then cooled in an ice/water 
bath. The cooled sample is centrifuged and the supernatant solution concentrated using solid sucrose 
as above. The resultant heat-treated, concentrated supernatant may be stored at -20°C. Frozen 
samples are thawed and clarified by centrifugation at 14,000 rpm for 10 minutes at 4*C. Total 

31 thioreaoxtn n activity can then be measured in these concentrated supernatant fractions. 

Methoos and tecnniques of measuring thioreaoxin n activity have previously been described (see. for 
instance. Berstermann etai. 1983; Johnson era/. 1987; and Fiorencio etal. 1988). For each 
technique. aDout fifty to 120 pi (depending on activity) of partially purified or neat-treated plant extract 
36 as prepared anove is pre-incubated with DTT. and 0.16 to 0.32 ui of this pre-incubation mixture is then 
used in the assav 
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in general, thtoreaoxin n activity is assayea Dy aading thtoredoxin-oeanng sample to an 
NADP-thioredoxin reductase (NTR) assay system (Fiorencio et a/.. 1988; Gautier etaL. 1998), and the 
reduction of.DTNB measured. Ess ntially, NADPH provides the reducing equivaients neeaed for 
thioreaoxin reductase to reduce thioredoxin h by converting it from the disulfide (-S-S-) to the 
suithydryl (-SH) form This reauced (sulthyaryl) thioredoxin h then reduces DTNB directly. Reduction 
of DTNB is measured as an increase in absorfcance of the sample at 412 nm. 

By way of example. 1 mi reaction mixtures containing 100 pM potassium phosphate (pH 7.1), 10 pi 
mol @@@ 150 nmol EDTA, 150 nmoi NADPH, 200 nmoi DTNB (dissolved in 95% ethanot) and 
variable amounts of thioreaoxin o-bearing samples are initiated by the addition of 10 pmol of wheat or 
£ coli NTR, and the reduction of DTNB determined by monitonng the absorbance change at 412 nm. 
The activity can then be expressed as pmol thioredoxin reduced per minute using 13,600 M* 1 cm* 1 as 
the moiar absorption coefficient of DTNB (2-SH being formed/moi reduced thioredoxin). 

In the NADP-Maiate Denyarogenase (MDH) Activation Assay, thioredoxin h activity is assayed by 
adding thioredoxin-bearing sampte to an NADP-maiate dehydrogenase (MDH) assay system 
(Johnson et aL 1 987; Berstermann et a/. 1983). This system is simitar to that used in an NADP-NTR 
activation assay. 



in vitro monobromobimane (mBBr) labeling of proteins is an alternate to indirectly measuring 
thioredoxin h protein activity using a ccmpanion-enzyme assay, thioredoxiivmediated disulfide 
reduction can be measured using monobromobimane (mBBr) derivative fluorescence (Crawford et a/., 
1989: Koorehel era/., 1992; U.S. Patent No. 5,792,506 -Neutralization of food allergens oy 
thioreaoxin"). By way of example oniy, the following describes an appropriate procedure as it relates 
to transgenic plants. Immature, mature, or germinating seeds or grain from nontransformed (control) 
and transgenic plants are ground in 100 mM Tris-HCI buffer, pH 7.9. Assay reactions may then be 
earned out essentially as described in Kobrehel et aL (1992). In general, 70 pL of the buffer mixture 
containing a known amount of protein is either untreated or treated with DTT to a final concentration of 
0.5 mM. After incubation for 20 minutes, 100 nmoi of mBBr is added, and the reaction continued for 
another 15 minutes. To stop the reaction and denvatize excess mBBr, 10 pi of 10% SDS and 100 pi of 
100 mM 2-mercaptoethanol are added. The samples are then applied to a 15% SDS-PAGE gel. 
Fluorescence of mBBr may be visualized by placing gets on a light box fitted with a UV (365 nm) light 
source. Protein Quantification can be camea out by the Bradford dye-binding method (Bradford, 1976) 
using, for instance, bovine serum albumin or gamma gloDulin as standards. This protocol has been 
aaapted for oartey as descnoed by Gho er a/, ((1999) Proc. Natl. Acad. Sci. USA 96:14641-14646). 

Methoas of measunng NTR activity aiso are known in the art. In a oreferred embodiment, NTR activity 
is determined with the DNTB assay (Fiorencio ef a/., 1988). The system contains the amount of an 
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I extract, as needed, soinach thioredoxin h (2-5 pgj and the following: 100 pmol potassiuim phosphate 
buffer (pH 7.9). Ten pmoi Na-EDTA; 0.25 pmol NADPH; 0.2 pmol DTNB. The reaction is started by 
the addition of thioredoxin n (final volume. 1.0 ml). Increase in absorbance is followeo at 412 nm. 

The content and activity of BTRXh and NTR is alternatively assessed by Western btot and activity 
6 measurements. In the example of transgenic seeds or grains, western Wots are performed on extracts 
selected transgenic seeds or grain as well as non-transgenic seeds or grains, including null 
segregants. Lots of about 10-20 intacts seeds are grains are processed and analyzed for content of 
BTRX/? and NTR by SDS-PAGE and western btot procedures (Cho er af, (1999) Proc. Natl. Acad. Sci. 
USA 96:14641-14646). Grain or seeds extract are preferably prepared as described by Cho et a/., 

II (1999) Plant Sci. 148:9-17). 

Thus, in the embodiment of iaentrfying z bioactive agent the alters a biological activity of a BTRX/? or 
NTR polypeptide, the methods comprise combining an BTRX/) or NTR sample and a candidate 
bioactive agent, and evaluating the effect on the BTRX/? or NTR activity. By "BTRX/? or NTR activity" 

16 or grammatical equivalents herein is meant one of the BTRX/) or NTR protein's bioiogical activities, 

including, but not limited to those described above and, for example, a BTRX/? or NTR proteins ability 
to alter the oxidation/reduction state of NADPt-U or thioredoxin in vitro or in vivo. Other biological 
activities include altering the oxidation/reduction state of a cell of a transgenic oiant in which it is 
expressed, altering the digestibility of the starch or protein components of a transgenic seed or grain; 

21 redistribution of the proteins of a transgenic seed or grain to the more soluble atbumtn/gtobulin fraction 
and decreasing the allergenicity of a transgenic seed or grain. 

In a preferred embodiment, the activity of the BTRX/? or NTR protein is decreased; in another 
preferred embodiment the activity of the BTRX/7 or NTR protein is increased. Thus, bioactive agents 
26 that are antagonists are preferred in some embodiments, and bioactive agents that are agonists may 
be preferred in other embodiments. 

The assays described herein preferably utilize the H. vuigare BTRX/? or NTR protein, although other 
plant Droteins may aiso be used, including dicotyledonous plants ( e.g. tomato, potato, soybean, 

31 cotton, tobacco, etc.) and monbcotyledonous plants, including, but not limited to graminaceous 

monocots such as wneat {Triticum spp.), rice {Oryza spp.), barley (Hordeum spp.), oat (Avena spp.), 
rye (Seca/e spp.), com (Zea mays), sorgnum (Sorghum spp.) and millet (Pennisetum spp). For 
example, the present invention can oe employed with barley genotypes including, but not limited to 
Morex. Harrington , Crystal, Stanaer Moravian III, Galena. Salome, Steptoe, Klages, Baronesse. and 

35 with wneat genotypes including, but not limited to Yecora Rojo, Bobwhite, Karl and Anza. In general, 
the invention ts particularly useful in cereals. These latter emoodiments may be preferred in the 
development of models of grain germination. 
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In a preferred embodiment, the methods comprise combining a BTRX/j or NTR protein ana a 
candidate bioactive agent, ana determining the binding of the candidate agent to the BTRX/? or NTR 
protem. In other embodiments, furtner discussed below, binding interference or bioactivity is 
determined. 

The term "candidate bioactive agent" or "exogeneous compound" as used herein describes any 
molecule, e.g., protein, small organic molecule, carbohydrates (including polysaccharides), 
polynucleotide, lipids, etc. Generally a plurality of assay mixtures are run in parallel with different 
agent concentrations to obtain a differential response to the various concentrations. Typically, one of 
these concentrations serves as a negative control, /.e., at zero concentration or below the level of 
detection. In addition, positive controls, i.e. the use of agents known to alter or modulate BTRX/j or 
NTR activity, may be used. 

Candidate agents encompass numerous chemical classes, though typically they are organic 
molecules, preferably small organic compounds having a molecular weight of more than about 100 
dattons and less than about 2.500 aaltcns. Candidate agents comprise functional groups necessary 
for structural interaction with proteins, particularly hydrogen bonding, and typically include at least an 
amine, carbonyi, hydroxy! or carooxyl group, preferably at least two of the functional chemical groups. 
The candidate agents often comprise cyclical carbon or heterocyclic structures and/or aromatic or 
potyaromatic structures substituted with one or more of the above functional groups. Candidate 
agents are also found among biomolecules inciuding peptides, saccharides, fatty acids, steroids, 
punnes. pynmidines. derivatives, structural analogs or combinations thereof. Particularly preferred are 
peptides. 

Candidate agents are obtained from a wide vanety of sources including libraries of synthetic or natural 
compounds. For example, numerous means are available for random and directed synthesis of a 
wide variety of organic compounds and biomolecules, including Expression of randomized 
oligonucleotides. Alternatively, libraries of natural compounds in the form of bacterial, fungal, plant 
and antmai extracts are available or readily produced. Additionally, natural or synthetically produced 
libranes and compounds are readily modified through conventional chemical, physical and biochemical 
means. Known pharmacoiogtcat agents may be subjected to directed or random chemical 
modifications, such as acyiation. aikylaiion. esterification. amidificatton to produce structural analogs. 

in a preferred embodiment, a library of different candidate Dioacttve agents are used. Preferably, the 
library should provide a sufficiently structurally diverse population of randomized agents to effect a 
probabilistically sufficient range of diversity to allow binding to a particular target. Accordingly, an 
interaction library should be large enougn so that at least one of its memoers wilt have a structure that 
gives it affinity for the target Although it is difficult to gauge the required absolute siz of an inter- 
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action library, nature provides a him with trie immune response: a diversity of 10 7 -10 e different antibod- 
ies provides at least one comoination with sufficient affinity to interact with most potential antigens 
faced by an organism. Publisned in vitro selection techniques have also shown that a library size of 
10 ? to 10 6 is sufficient to find structures with affinity for the target. A library of all combinations of a 
peptide 7 to 20 amino acids in length, sucn as generally proposed herein, nas the potential to code for 
20 7 (10 9 ) to 20 20 . Thus, with libraries of 10* to 10® different molecules the present methods allow a 
"working" subset of a theoretically complete interaction library for 7 amino acids, and a subset of 
shapes for the 20*° library. Thus, in a preferred embodiment at least 10*, preferably at least 10 7 , 
more preferably at least 10* and most preferably at least 10 s different sequences are simultaneously 
analyzed in the subject methods. Preferreo methods maximize library size and diversity. 

In a preferred embodiment, the candidate btoactrve agents are proteins. By "protein" herein is meant 
at least two covatently attached amino acids, which includes proteins, polypeptides, oligopeptides and 
peotides. The protein may be made up of naturally occurring amino acids and peptide bonds, or 
synthetic peptidomimetic structures. Thus "amino acid", or "peptide residue", as used herein means 
both naturally occurring and synthetic amino acids. For example, homo-phenylatanine, citrulline and 
noreieucine are considered amino acids for the purposes of the invention. "Amino acid" also includes 
imino acid residues such as proline and nydroxyproline. The side chains may be in either the (R) or 
the (S) configuration. In the preferreo emoodiment, the amino acids are in the (S) or L-conftguraton. 
If non-naturaliy occurring side chains are used, non-amino acid substituents may be used, for example 
to prevent or retard in vivo degradations. Chemical blocking groups or other chemical substituents 
may also be added. 

In a preferreo embodiment the candidate bioactive agents are naturally occurring proteins or 
fragments of naturally occumng proteins. Thus, for example, cellular extracts containing proteins, or 
random or directed digests of proteinaceous cellular extracts, may be used. In this way libraries of 
procaryotic and eutcaryotic proteins may be made for screening itrthe systems described herein. 
Particularly preferred in this embodiment are libraries of plant, bacterial, fungal, viral, and mammalian 
proteins, with the latter being preferreo, 3nd human proteins being especially preferred. 

In a preferred embodiment, the candidate bioactive agents are peptides of from about 5 to about 30 
amino acids, with from about 5 to aoout 20 amino acids being preferred, and from about 7 to about 15 
being particularly preferred. The peotides may oe digests of naturally occumng proteins as is outlined 
above, random oeDtides. or "biased" random peptides. By Tanaomized* or grammatical equivalents 
nerein is meant that each nucleic acid ana peptide consists of essentially random nucleotides and 
amino acias. respectively. Since generally these random peptides (or nucleic acids, discussed below) 
are cnemically synthesized, they may incorporate any nucleotide or amino acio at any position. The 
synthetic process can be designed to generate randomized proteins or nucleic acids, to allow the 
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formation of at) or most of the possible comoinations over the length of the seouence, thus forming a 
library of ranaomizea candidate oioacitve Drotetnaceous agents. 

In one embodiment, the library is fuiiy randomtzec, with no sequence preferences or constants at any 
position. In a preferred emoodiment, the library is biasec. That is, some positions within the 
seauence are either held constant, or are selected from a limited nurnoer of possibilities. For example, 
in a preferred embodiment, the nucleotides or amino acid residues are randomized within a aefined 
class, for example, of hydropnobic amino adds, hydropnilic residues, stencally biased (either small or 
large) residues, towards the creation of cysteines, for cross-linking, prolines for SH-3 domains, 
serines, threonines, tyrosines or histidinas for phosphorylation sites, etc., or to purines, etc. 



In a preferred emoodiment, the candidate bioactive agents are nucleic adds. By "nudeic add" or 
"oligonudeotide" or grammatical eauivaients herein means at least two nudeotides covaiently linked 
together. A nudeic add of the present invention will generally contain phosphodiester bonds, although 
in some cases, as outtined below, nucleic acid analogs are included that may have alternate 

16 backbones, comprising, for example, phosphoramide (Beaucage. et a/.. Tetrahedron, 49(1Q):1925 
(1993) and references therein; Letsinger, J. Ore. Chem. . 35:3800 (1970); Sprinzi, et a/. t Eur. J. 
Biochem., 81:579 (1977); Letsinger, et a/., Nuci. Adds Res. . 14:3487 (1986); Sawat, ef a/., Chem. 
Lett., 805 (1984), Letsinger, ef a/. ( J. Am. Chem. Soc . 110:4470 (1988); and Pauweis, et at., Chemica 
Scripts, 26:141 (1986)), phosphorothioate (Mag, era/., Nucleic Acids Res. . 19:1437 (1991); and U.S. 

21 Patent No. 5,644,048), phosphorodithioate (Briu. et a/., J. Am. Chem. Soc . 111:2321 (1989)), O- 
methyiphophoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: A Practical 
Approach, Oxford University Press), and peptide nudeic aad backbones and iinkages (see Eghoim, 1 
Am. Chem. Soc. 114:1895 (1992); Meier, et a/., Chem. Int. Ed. Engl. 31:1008 (1992); Nielsen, 
Nature, 365:566 (1993); Cartsson, er a;., Nature . 380:207 (1996), ail of which are incorporated by 

26 reference)). Other analog nudeic acias induce those with positive backbones (Denpcy, et a/. ( Proc 
Natl. Acad. Sci. USA, 92:6097 (1995)); non-ionic backbones (U.S. Patent Nos. 5.386,023; 5,637,684; 
5,602,240; 5,216,141; and 4 ; 469.853; Kiedrowshi, etaL, Anoew. Chem. inti. Ed. English . 30:423 
(1991); Letsinger, et a/., J. Am. Chem. Soc . 110:4470 (1988); Letsinger, era/., Nucleoside & 
Nucleotide. 13:1597 (1994); Chapters 2 and 2, ASC Symposium Senes 580, "Carbohydrate 

31 Modifications in Antisense Research". Ed. Y.S. Sanghui and P. Dan Cook: Mesmaeker, et a/., 

Bioorqanic & Medicinal Chem. Lett , 4:295 (1994); Jeffs, era/., J. Biomolecuiar NMR . 34:17 (1994); 
Tetranearon Lett. 37:743 (1996)) ana non-rioose backbones, including those aescnoed in U.S. Patent 
Nos. 5,235.033 and 5,034,506, and Chapters 6 and 7. ASC Symoosium Senes 580, "Caroonydrate 
Modifications in.Antisense Research", Ed. Y.S. Sangnui and P. Dan Cook. Nucleic acids containing 

36 one or more carbocyciic sugars are also inciuaea within the Definition of nucleic acios (see Jenkins, et 
bL Chem Soc. Rev , (1995) pp. 169-176). Several nudeic aaa analogs are desenbed in Rawis. C & 
E News, June 2, 1997, page 35 All cf these references are hereby expressly incorporated by 
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1 reference. Thes modifications of the nbose-ohosonate bacxbone may be done to facilitate the 

addition of additional moieties sucn as labels, or to increase the stability and half-life of such molecules 
in pnysiological environments. In addition, mixtures of naturally occurring nucieic acias and analogs 
can be made. Alternatively, mixtures of different nucleic acid analogs, and mixtures of naturally 
occurring nucleic acids and analogs may be made. The nucleic acids may be single stranded or 

6 double stranded, as soecified, or contain portions of both double stranded or single stranded 

seouence. The nucieic acia may be DNA, both genomic and cDNA, RNA or a hybrid, where the 
nucleic acid contains any comoination of oeoxyribo- and ribo-nucieotides, and any combination of 
bases, including uracil, adenine, thymine, cytosine, guanine, inosine, xathanlne hypoxathanine, 
isocytosine, tsoguantne, etc. 

11 

As described above generally for proteins, nucieic acid candidate bioactive agents may be naturally 
occurring nucleic acids, random nucleic adds, or "biased" random nucieic acids. For example, digests 
of procaryotic or eukaryotic genomes may be used as is outlined above for proteins. 

16 In a preferred embodiment, the candidate bioactive agents are organic chemical moieties, a wide 
vanety of which are available in the literature. 

In a preferred embodiment the candidate bioactive agents are linked to a fusion partner. By "fusion 
partner" or "functional group" herein is meant a sequence that is associated with the candidate 

21 bioactive agent, that confers upon all members of the library in that class a common function or ability. 
Fusion partners can be heterologous (i.s. not native to the host cell), or synthetic (not native to any 
cell). Suitable fusion partners inbude. but are not limited to: a) presentation structures, which provide 
the candidate bioactive agents in a conformational restricted or stable form; b) targeting sequences, 
which allow the localization of the candidate bioactive agent into a subcellular or extracellular 

26 compartment; c) rescue sequences which allow the purification or isolation of either the candidate 
bioactive agents or the nucieic acids encoding them; d) stability-sequences, which confer stability or 
protection from degradation to the candidate bioactive agent or the nucleic acid encoding it for 
example resistance to proteolytic degradation; e) dimerization sequences, to allow for peptide 
dimerization; or f) any comoination of a), b), c). d), and e), as well as linker sequences as needed. 

31 

In one embodiment of the methods aescribed herein, portions of BTRX/? or NTR protems are utilized; 
in a preferred embodiment portions having BTRX/i or NTR activity are used to identify agents that 
bind to BTRX/7 or NTR. In addition, tne assays aescribed herem may utilize either isolated BTRX/i or 
NTR proteins or cells comprising the BTRX/7 or NTR proteins. 

36 

Generally, in a preferred emoodiment of tne methoas herein, for example for binding assays, the 
BTRX/) or NTR protein or tne candidate agent is non-diffusibiy bound to an insoluble support having 
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1 isolated sample receiving areas (e.g. a microtiter plate, an array, etc.). The insoluble supports may oe 
maae of any composition to wnich the compositions can be bound, is readily separated from soluoie 
material, ana is otherwise compatible with the overall method of screening. The surface of such 
supports may oe solid or porous ana of any convenient shape. Examples of suitable insoluble 
supports include microtiter Diates, arrays, membranes and beaas. These are typically made of glass, 
6 plastic (e.g., polystyrene), polysacchandes. nylon or nitrocellulose, teflon™, etc. Microtiter plates ana 
arrays are especially convenient because a large number of assays can be carried out simultaneously, 
using small amounts of reagents and samDies. In some cases magnetic beads and the like are 
included. The particular manner of binding of the composition is not crucial so long as it is compatible 
with the reagents and overall methcas of the invention, maintains the activity of the composition and is 

1 1 nondiffusabie. Preferred methods of binding include the use of antibodies (which do not sterically 
block either the ligand binding site or activation sequence when the protein is bound to the support), 
direct binding to "sticky" or ionic supports, chemical crosslinking, the synthesis of the protein or agent 
on the surface, etc. Following binding of the protein or agent, excess unbound material is removed by 
washing. The sample receiving areas may then be blocked through incubation with bovine serum 

16 albumin (BSA). casein or other innocuous protein or other moiety. Also included in this invention are 
screening assays wherein solid supports are not used; examples of sucn are described below. 

In a preferred embodiment, the BTRX/i or NTR protein is bound to the support, and a candidate 
bioactive agent is added to the assay. Alternatively, the candidate agent is bound to the support and 

21 the BTRX/7 or NTR protein is added. Novel binding agents include specific antibodies, non-natural 
binding agents identified in screens of chemical libraries, peptide analogs, etc. Of particular interest 
are screening assays for agents that have a low toxicity for human ceils. A wide variety of assays may 
be used for this purpose, including labeled in vitro protein-protein binding assays, electrophoretic 
mobility shift assays, immunoassays for orotein binding, functional assays, preferably 

26 oxidation/reduction assays. 

The determination of the binding of the candidate bioactive agent to the BTRX/7 or NTR protein may be 
done in a number of ways. In a preferred emoodiment, the candidate bioactive agent is labeHed, and 
binding determined directly. For example, this may be done by attacnmg all or a portion of the BTRX/7 
31 or NTR protein to a solid support, adding a labelled candidate agent (for examDle a radio or 

fluorescent label), wasning off excess reagent, and determining whether the iaoef is Dresent on the 
solid support. Vanous blocking and washing steps may be utilized as is known in the art. 



36 



By •labeled" herein is meant that the compound is either directly or inairectly laoeled with a label which 
proviaes a detectable signal, e.g. radioisotope, fluoresces, enzyme, antibodies, particles such as 
magnetic particles, cnemuuminescers, or specific binding molecules, etc. Specific binding molecules 
include pairs, sucn as biotin and streptaviain, digoxin and antidigoxm etc. For the SDecific binding 
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members, the comDtememary member wouio normally be iaoeted with a molecule which provides tor 
detection, in accordance with known procedures, as outlined above. The tabei can directly or indirectty 
provide a detectaole signal. 

tn some emoodiments. only one of the components is labeled. For example, the proteins (or 
protetnaceous candidate agents) may be adeied at tyrosine positions using 1J5 1. or with fiuorophores. 
Alternatively, more than one component may be labeled with different laoeis; using 125 l for the proteins, 
for example, and a fluoropnor for the candidate agents. 

In a preferred embodiment, the oinding of the candidate bioactive agent is determined througn the use 
of competitive binding assays. In this emoodiment the competitor is a binding moiety known to bind to 
the target molecule (i.e. BTRX/j or NTR protein), such as an antibody, peptide, binding partner, ligand, 
etc. Under certain circumstances, there may De competitive binding as between the bioactive agent 
and the binding moiety, with the binding moiety displacing the bioactive agent. This assay can be 
used to determine candidate agents which interfere with binding between BTRXh or NTR proteins and 
binding partners. "Interference of binding" as used herein means that native binding of the BTRXA or 
NTR protein differs in the presence of the candidate agent. The binding can be eliminated or can be 
with a reduced affinity. Therefore, in one embodiment, interference is caused by, for example, a 
conformation change, rather than direct competition for the native binding site. 

In one embodiment, the candidate bioactive agent is labeled. Either the candidate bioactive agent or 
the competitor, or both, is added first to the protein for a time sufficient to allow binding, if present 
Incubations may be performed at any temperature which facilitates optimal activity, typically between 4 
and 40° C. Incuoation periods are selected for optimum activity, but may also be optimized to facilitate 
rapid high through put screening. Typically oetween aoout 0.1 and about 1.0 hour will be sufficient 
Excess reagent is generally removed or wasned away. The second component is then added, and 
the presence or absence of the iaoeied component is followed, to indicate binding. 

In a preferred emoodiment the competitor is added first, followed by the candidate bioactive agent. 
Displacement of the competitor is an indication that the candidate bioactive agent is binding to the 
NTR protein and thus is capable of binding to. and potentially modulating, the activity of the NTR 
protein. In this emoodiment, either component can be labeled. Thus, for example, if the competitor is 
lapeiec. the presence of laoel in the wasn solution indicates displacement by the agent Alternatively, 
if the candidate bioactive agent is labeled, the presence of the label on the support indicates 
displacement. 

in an alternative emoooiment the candtaate oioactive agent is added first, with incubation and 
washing, followed by the competitor. The absence of binding by the competitor may indicate that the 
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bioacove agent is bound to the BTRX/? or NTR protein with a higher affinity. Thus, if the candiaate 
btoactrve agent is labeled, the presence of the iaoei on the support coupied with a lack of comoetttor 
binding, may indicate that the candidate agent is capable of binding to the BTRX/? or NTR protein. 

In a preferred embodiment, the methods comprise differential screening to identity bioactive agents 
that are caoabie of modulating the activity of the BTRX/? or NTR proteins. Such assays can be done 
with the BTRX/? or NTR protein or ceils compnsing said BTRX/? or NTR protein, in one embodiment, 
the methods comprise combining an BTRX/? or NTR protein and a competitor in a first sample. A 
second sample comprises a candidate bioactive agent an BTRX/? or NTR protein and a competitor. 
The binding of the competitor is determined for both samples, and a change, or difference in binding 
between the two samples indicates the presence of an agent capable of binding to the BTRX/? or NTR 
protein and potentially modulating its activity. That is, if the binding of the competitor is different in the 
second sample relative to the first samoie. the agent is capable of binding to the BTRX/? or NTR 
protein. 



Alternatively, a preferred emoodimem utilizes differential screening to identify candidates that bind to 
the native BTRX/? or NTR protein, but cannot bind to modified BTRX/? or NTR proteins. The structure 
of the BTRX/? or NTR protein may be modeled, and used in rational design and synthesis of agents 
that interact with that site. Drug candidates that affect BTRX/? or NTR bioactivity are also identified by 
screening drugs for the ability to either enhance or reduce the activity of the protein. 

Positive controis and negative controls may be used in the assays. Preferably all control and test 
samples are performed in at least triplicate to obtain statistically significant results, inclination of alt 
samples is for a time sufficient for the binding of the agent to the protein. Following incubation, all 
samples are washed free of non-specificaliy bound material and the amount of bound, generally 
labeled agent determined. For example, where a radioiabel is employed, the samples may be counted 
in a scintillation counter to determine the amount of bound compound. 

* 

A vanety of other reagents may be included in the screening assays. These induae reagents like 
salts, neutral proteins, e.g. albumin, detergents, etc whicn may be used to facilitate optimal 
protein-protein binding and/or reduce non-specific cr background interactions. Also reagents that 
otherwise improve the efficiency of the assay, sucn as protease inhibitors, nuclease inhibitors, 
anti-microbiai agents, etc.. may be used The mixture of components may be added in any order that 
proviaes for tne requisite oinding. 

in a preferred emoodimem. the invention proviaes methods of screening for bioactive agents capable 
of modulating the activity of an BTRX/) or NTR protein. The methods compnse adding a candidate 
bioactive agent, as defined aoove. to a cell comprising BTRX/? or NTR proteins. Preferred cell types 
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^ include almost any cell. The celts contain a recombinant nucleic acid that encodes an BTRX/7 or NTR 
protein, (n a oreferrea moodtment. a library of candidate agents are tested on a plurality of ceils. 

Detection of BTRX/7 or NTR regulation may be done as will be appreciated by those in the art. In one 
embodiment, indicators of the NTR activity are used, for example, oxidation of NADPH or reduction of 

6 thioredoxin, preferably thioredoxin a In one embodiment indicators of the BTRX/? activity are used, 
for example, ustng the NADP-maiate Dehydrogenase activation assay as described by Rorencto et a/. 
1988 and Johnson et at. (1987a). There are a number of parameters tnat may be evaluated or 
assayed to allow the detection of alterations in BTRX/7 or NTR regulation, including, but not limited to, 
cell viability assays, germination characteristics of a transgenic grain or seed, redox status of 

1 1 transgenic grain or seed, digestibiitiy of a transgenic seed or grain, the expression of gibbereliic acid 
inducible enzyme in a transgenic seea or grain. Other parameters include mRNA synthesis, 
translation, peptides, activity of a protein or enzyme, distribution of protein in, for example, more 
soluble verses less soluble tractions. By assaying or measuring one or more of these parameters, it is 
possible to detect not only alterations in BTRX/7 or NTR regulation, but alterations of different steps of 

16 the BTRX/7 or NTR regulation pathway, in this manner, rapid, accurate screening of candidate agents 
may be performed to identify agents that modulate BTRX/7 or NTR regulation. 

Accordingly, the invention provides methods of screening for alterations in BTRX/7 or NTR regulation 
of a population of cells. By "alteration" or "modulation* (used herein interchangeably), is generally 
21 meant a change, for example, in the redox state of a substrate or co-factor of the BTRX/7 or NTR 
protein. In another embodiment, is meant a change in the redox state in a pathway affected by 
BTRX/7 or NTR activity. 

The measurements can be determined wherein all of the conditions are the same for each 
26 measurement, or under various conditions, with or without bioactive agents, or at different stages of 
the cell cycie process. For example, a measurement of BTRX/) or NTR regulation can be determined 
in a cell or cell population wherein a candidate bioactive agent is present and wherein the candidate 
bioactive agent is absent. In another example, the measurements of BTRX/? or NTR regulation are 
oetermined wherein the condition or environment of the cell or pooulations of cells differ from one 
31 another. For example, the cells may be evaluated in the presence or absence or previous or 

subseauent exposure of physiological signals, for example hormones, antibodies, peptides, antigens, 
cytokines, growth factors, action potentials, pharmacological agents including chemotherapeutics, 
radiation, carcinogenics, or other ceils (i.e. cell-cell contacts). In another examoie, the measurements 
of BTRX/j or NTR regulation are determined at different stages of the cell cycie process. In yet 
36 another examoie. the measurements of BTRXh or NTR regulation are taken wherein the conditions 
are the same, ana the alterations are between one celt or ceil pooulation and another ceil or cell 
pooutation. 
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By a 'population of cells" or "library of cells" herein is meant at least two cells, with at least about 10 3 
being preferred, at least about 10* being particularly preferred, ana at least aDout 10 6 to 10 9 being 
especially. preferred. The population or samole can contain a mixture of different cell types from either 
primary or secondary cultures atthougn samples containing only a single cell type are preferred, for 
example, the samole can be from a cell line, particularly tumor cell lines, as outlined below. The celts 
may be in any ceil phase, either synchronously or not. including M, G1, S, and G2. In a preferred 
embodiment, cells that are replicating or proliferating are used; this may allow the use of retroviral 
vectors for the introduction of candidate bioactive agents. Alternatively, non-reolicating cells may be 
used, and other vectors (such as adenovirus, lentrvirus, and Agrobactenum vectors) can be used. In 
addition, although not required, the cells are compatible with dyes and antibodies. 



Preferred cell types for use in the invention include, but are not limited to, plant cells, including mono- 
and dicot plants such as (cereal grains, barley, wheat sorghum, soybeans, sugar beets, peanuts, 
canoia and as described above), and mammalian cells, including animal (rodents, including mice, rats, 
hamsters and geroils), primates, and human cells, particularly including tumor cells of all types, 
16 including breast skin, lung, cervix, colon-rectal, leukemia, brain, etc. 

In a preferred embodiment the methods comprise assaying one or more of several different cell 
parameters, including, but not limited to, cell viability, cell proliferation, and cell phase. 

21 in a preferred emoodiment cell viability is assayed, to ensure that a lack of cellular change is due to 
experimental conditions (i.e. the introduction of a candidate bioactive agent) not cell death. There are 
a variety of suitable cell viability assays which can be used, including, but not limited to, light 
scattering, viability dye staining, and exclusion dye staining. 

26 In a preferred embodiment a light scattering assay is used as the viability assay, as is well known in 
the art For example, when viewed in the FACS, cells have particular characteristics as measured by 
their forward and 90 degree (side) light scatter properties. These scatter properties represent the size, 
shape and granule content of the cells. These properties account for two parameters to be measured 
as a reaaout for the viability. Bnefly, the DNA of dying or oead cells generally condenses, which alters 

31 the 90* scatter similarly, membrane bteboing can alter the forward scatter. Alterations in the intensity 
of light scattering, or the cell-refractive index indicate alterations in viability. 

Thus, in general, for light scattering assays, a live cell population of a particular cell type is evaluated 
to determine its forwara and side scattenng properties This sets a stanaard for scattering that can 
36 suoseauentiy be used. 

In a preferred emoodimem, tne viability assay utilizes a viability aye. There are a number of known 
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1 viability ayes that stain aead or aying cells, but do not stain growing cells. For xample. annexin V is a 
memoer of a protein family wnich disways specific binding to phospnoliDid (phosphotidyisenne) in a 
divalent ion dependent manner. This protein has been widely used for the measurement of apoptosis 
(programmed cell death) as ceil surface exposure of phosphattdyisenne is a hallmark early signal of 
this process. Suitable viability dyes inciuae. but are not limited to. annexin. ethidium homodtmer-1 , 

6 DEAD Red, propidium iodide. SYTOX Green, etc., and others known in the an; see the Molecular 
Probes Handbook of Fluorescent Probes and Research Chemicals, Haugianc, Sixth Edition, hereby 
incorporated by reference; see Apoptosis Assay on page 285 in particular, and Chapter 16. 

Protocols for viability dye staining for cell viability are Known, see Molecular Probes catalog, supra. In 
1 1 this embodiment, the viability dye such as annexin is labeled, either directly or indirectly, and 

combined with a cell population. Annexin is commercially available, i.e., from PharMingen, San Diego, 
California, or Cattag Laboratories, Millbrae, California. Preferably, the viability dye is provided in a 
solution wherein the dye is in a concentration of about 100 ng/ml to about 500 ng/ml, more preferably, 
about 500 ng/ml to about 1 pg/ml, and most preferably, from about 1 pg/ml to about 5 yg/ml. In a 
16 preferred embodiment, the viability dye is directly labeled; for example, annexin may be labeled with a 
fiuorochrome such as fluorecein isothiocyanate (RTC), Alexa dyes. TRITC, AMCA, APC, tn-color, Cy- 
5, and others known in the art or commercially available. In an alternate preferred embodiment, the 
viability dye is laDeled with a first label, sucn as a hapten such as biotin. and a secondary fluorescent 
label is usee, such as fluorescent streptavidin. Other first and second labeling pairs can be used as 
21 will be appreciated by those in the art 

Once added, the viability dye is allowed to incubate with the cells for a period of time, and washed, if 
necessary. The cells are then sorted as outlined below to remove the non-viable cells. 



26 In a preferred embodiment, exclusion aye staining is used as the viability assay. Exclusion dyes are 
those which are excluded from living cells, i.e. they are not taken up passively (they do not permeate 
the cell membrane of a live cell). However, due to the permeability of dead or dying cells, they are 
taken up by dead cells. Generally, but not always, the exclusion dyes bind to DNA, for example via 
intercalation. Preferably, the exclusion dye does not fluoresce, or fluoresces poorly, in the absence of 

31 DNA; this eliminates the need for a wasn step. Alternatively, exclusion dyes that require the use of a 
secondary label may also be used. Preferred exclusion dyes include, but are not limited to, ethidium 
bromide; ethidium nomodimer-1; prooidium iodine; SYTOX green nucieic acid stain; Caicein AM. 
BCECF AM; fluorescein diacetate; TOTCXB) and TO-PRO™ (from Molecular Probes: supra, see 
chapter 16) ana otners known in the art 

36 

Protocols for exclusion dye staining for cell viability are known, see the Molecular Probes catalog, 
supra. In general, the exclusion dye is adoed to tne cells at a concentration of from about 100 ng/ml to 
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1 about 500 ng/mt, more preferably, aoout 500 ng/mt to about 1 gg/mi, ana most preferably, from about 
0.1 pg/ml to aoout 5 pg/mt. with aoout 0.5 ug/mt being particularly preferred. The cells and the 
exclusion dye are incuDated for some period of time, wasned. if necessary, and then the cells sorted 
as outlined below, to remove non-viaDte cells from the population. 

6 In addition, there are other ceil viability assays which may be run. including for example enzymatic 

assays, whicn can measure extracellular enzymatic activity of either live cells (i.e. secreted proteases, 
etc.), or dead cells (i.e. the presence of intracellular enzymes in the media; for example, intracellular 
proteases, mitochondrial enzymes, etc.). See the Molecular Probes Handbook of Fluorescent Probes 
and Research Chemicals. Haugiand, Sixth Edition, hereby incorporated by reference; see chapter 16 

11 in particular. 

In a preferred emoodiment at least one cell viability assay is run, with at least two different cell viability 
assays being preferred, when the fluors are compatible. When only 1 viability assay is run, a 
preferred embodiment utilizes light scattering assays (both forward and side scattering). When two 
16 viability assays are run, preferred emoodiments utilize fight scattering and dye exclusion, with light 
scattering and viability dye staining atso possible, and alt three being done in some cases as well. 
Viability assays thus allow the separation of viable cells from non-viable or dying cells. 

In addition to a cell viability assay, a Dreferred embodiment utilizes a cell proliferation assay. By 
21 "proliferation assay" herein is meant an assay that allows the determination that a cell population is 
either proliferating, i.e. replicating, or not replicating. 

In a preferred embodiment, the proliferation assay is a dye inclusion assay. A dye inclusion assay 
relies on dilution effects to distinguish between cell phases. Bnefiy. a dye (generally a fluorescent dye 
26 as outlined below) is introduced to cells and taken up by the cells. Once taken up. the dye is trapped in 
the cell, and does not diffuse out As the cell population divides, the dye is proportionally diluted. That 
is, after the introduction of the inclusion aye, the cells are allowed to incubate for some period of time; 
cells that lose fluorescence over time are dividing, and the cells that remain fluorescent are arrested in 
a non-growth phase. 

31 

Generally, the introduction of the inclusion aye may be aone in one of two ways. Either the dye cannot 
passively enter the cells (e.g. it is cnarged), and the celis must be treated to take up the dye; for 
exarraie through the use of a eiectric puise. Alternatively, the aye can passively enter the cells, but 
once taken up, it is modifiea sucn tnat it cannot diffuse out of the cells. For example, enzymatic 
36 modification of the inclusion aye may render it cnarged. and thus unable to diffuse out of the cells. For 
example, the Molecular ProDes CellTracxer™ dyes are fluorescent chioromethyl derivatives that freely 
diffuse into ceils, and then glutathione S-transferase-mediated reaction proauces membrane 
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1 impermeant dyes. 

Suitable inclusion dyes include, but are not limited to. the Molecular Probes tine of CeilTracKer™ dyes, 
including, but not limited to CeliTracxer™ 3lue. CeliTracker™ Yellow-Green, CellTracker™ Green. 
CeirTracker™ Orange, PKH26 (Sigmaj. and others known in the art; see the Molecular Probes 
6 Handbook, suora; cnaoter 15 in particular. 

In genera), inclusion dyes are provided to the celts at a concentration ranging from about 

100 ng/ml to about 5 pg/mt, with from aoout 500 ng/ml to aoout 1 yg/ml being preferred. A wash step 

may or may not be used. In a preferred embodiment a candidate bioactive agent is combined with the 

1 1 cells as described herein. The cells and the inclusion dye are incuoated for some period of time, to 
allow cell division and thus dye dilution. The length of time will depend on the cell cycle time for the 
particular cells; in general, at least about 2 ceil divisions are preferred, with at least about 3 being 
particularly preferred and at least about 4 being especially preferred. The cells are then sorted as 
outlined below, to create populations ct celts that are replicating and those that are not As will be 

16 appreciated by those in the art in some cases, for example when screening for anti-proliferation 
agents, the bright (i.e. fluorescent) cells are collected; in other embodiments, for example for 
screening for proliferation agents, the low fluorescence cells are collected. Alterations are determined 
by measuring the fluorescence at either different time points or in different ceil populations, and 
comparing the determinations to one another or to standaros. 

21 

In a preferred emoodiment the proliferation assay is an antimetabolite assay. In general, 
antimetabolite assays find the most use when agents that cause cellular arrest in G1 or G2 resting 
phase is desired. In an antimetabolite proliferation assay, the use of a toxic antimetabolite that will kill 
dividing celts will result in survival of only those cells that are not dividing. Suitable antimetabolites 
26 include, but are not limited to, standard chemotheraoeutic agents such as methotrexate, asptetm, 
taxoi, hydroxyurea, nucleotide analogs such as AraG, etc. In addition, antimetabolite assays may 
include the use of genes that cause cell death uoon expression. 

The concentration at which tne antimetaoolite is adaed will depena on the toxicity of the particular 
31 antimetabolite, and will be determined as is known in the art. The antimetabolite is adaed and the 
celts are generally incubated for some penod of time; again, the exact period of time will depend on 
the characteristics and identity of the antimetabolite as well as the cell cycle time of the particular cell 
population. Generally, a time sufficient for at least one ceil division to occur. 

36 in a preferred embodiment, at least one oroiiferation assay is run. with more than one being prefered. 
Thus, a proliferation assay results in a population of proliferating cells and a population of arrested 
cells. Moreover, other proliferation assays may be used, i.e., coiorimetric assays known m the art 
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In a preferrea emDOdiment. either after or simultaneously with one or more of the proliferation assays 
outlined aoove, at least one cell phase assay is done. A "cell phase" assay determines at which cell 
pnase the cells are arrested. M, G1 . S, or G2. 



In a preferred emDOdiment. the ceil pnase assay is a DNA binding dye assay. Briefly, a DNA binding 
6 dye is introduced to the celts, and taken up passively. Once inside the cell, the DNA binding dye binds 
to DNA, generally by intercalation, aithougn in some cases, the oyes can be either major or minor 
groove binding compounds. The amount of dye is thus directly correlated to the amount of DNA in the 
ceil, which vanes by cell pnase; G2 and M phase cells have twice the DNA content of 61 phase cells, 
and S phase cells have an intermediate amount, depending on at what point in S phase the cells are. 
1 1 Suitable DNA binding ayes are permean:, and include, but are not limited to, Hoechst 33342 and 

3325E, acridine orange, 7-AAD, LDS 751. DAPI, and SYTO 16, Molecular Probes Handbook, supra; 
chanters 8 and 16 in particular. 



in general, the DNA binding dyes are added in concentrations ranging from about 1 yg/ml to about 5 
16 pg/ml. The dyes are added to the cells and allowed to incubate for some period of time; the length of 
time will depend in part on the dye chosen. In one embodiment, measurements are taken immediately 
after addition of the dye. The cells are then sorted as outlined below, to create populations of cells 
that contain different amounts of dye, and thus different amounts of DNA; in this way, cells that are 
replicating are separated from those thai are not As will be appreciated by those in the art, in some 
21 cases, for example wnen screening for anti-proliferation agents, ceils with the least fluorescence (and 
thus a singie copy of the genome) can be separated from those that are replicating and thus contain 
more than a singie genome of DNA. Alterations are determined by measuring the fluorescence at 
either different time points or in different cell populations, and companng the determinations to one 
another or to standards. 

26 

In a preferred embodiment, the cell phase assay is a cyclin destruction assay, in this embodiment, 
prior to screening (and generally pnor to tne introduction of a candidate Dioactive agent, as outlined 
below), a fusion nucleic acid is introduced to the cells. The fusion nucleic acid comprises nucleic acid 
encoding a cyciin destruction box ana a nucieic acid encoding a detectable molecule. 'Cyclin 

31 destruction boxes" are known in the an and are sequences that cause destruction via the 

uoiauitination pathway of proteins containing the boxes ounng particular ceil phases. That is. for 
example, G1 cyclms may be stable during G1 phase but aegradea dunng S phase due to the 
presence of a 61 cyciin destruction box. Thus, Dy linking a cyciin destruction box to a detectable 
molecule, for example green fluorescent protein, the presence or aosence of the detectable molecule 

36 can serve to identify the ceil phase of tne cell population. In a oreferreo emboaiment multiple boxes 
are usee, preferably each with a different fiuor. such that detection of tne cell ohase can occur. 
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1 A numDer of cydin destruction boxes are Known in the art. for example, cyciin A has a destruction box 
comprising the seauence RTVLGVIGD (SEC ID NO:34A); the destruction box of cydin B1 compnses 
the sequence RTALGDIGN (SEQ ID NO:35V See Glotzer et ai., Nature 349:132-138 (1991). Other 
destruction boxes are known as well: YMTVSIIDRFMQDSCVPKKMLQLVGVT (SEQ ID NO:36: rat 
cydin B); KFRLLQETMYMTVSHDRFMQNSCVPKK (SEQ ID NO:37; mouse cydin B); 

6 RAIUDWLIQVQMKFRLLQETMYMTVS (SEQ ID NO:38; mouse cydin B1 ); 

DRFLQAQLVCRKKLQWGITALLLASK (SEQ ID NO:39; mouse cyciin B2); and 
MSVLRGKLQLVGTAAMLL (SEQ ID NO:40; mouse cydin A2). 

The nudeic add encoding the cydin destruction oox is operabiy linked to nudeic add encoding a 
1 1 detectable molecule. The fusion proteins are constructed by methods known in the art. For example, 
the nucleic adds encoding the destruction box is iigated to a nudeic acid encoding a detectable 
molecule. By "detectable molecule" herein is meant a molecule that allows a cell or compound 
comprising the detectable molecule to be distinguished from one that does not contain it i.e., an 
epitope, sometimes called an antigen TAG, a specific enzyme, or a fluorescent molecule. Preferred 
16 fluorescent molecules include but are not limited to green fluorescent protein (GFP), blue fluorescent 
protein (BFP), yehow fluorescent protein (YFP), red fluorescent protein (RFP), and enrymes induding 
luctferase and P-gatactosidase. When antigen TAGs are used, preferred embodiments utilize cell 
surface antigens. The epitope is preferably any detectable peptide which is not generally found on the 
cytoplasmic membrane, although in some instances, if the epitope is one normally found on the cells, 
21 increases may be detected, although this is generally not preferred. Similarly, enzymatic detectable 
molecules may also be usee; for example, an enzyme that generates a novel or chromogenic product 

Accordingly, the results of sorting after cell phase assays generally result in at least two populations of 
ceils that are in different cell phases. 

26 

The proteins and nudeic adds provided herein can also be used for screening purposes wherein the 
piTrtein-protein interactions of the BTRX/i or NTR proteins can be identified. Genetic systems have 
been described to detect protein-protein interactions. The first work was done in yeast systems, 
nameiy the "yeast two-hybrid" system. The basic system requires a protein-protein interaction in order 

31 to turn on transcription of a reporter gene. Subsequent work was done in mammalian cells. See 
Fields et at. Nature 340:245 (1989); Vasavaaa et at, PNAS USA 88:10686 (1991); Fearon et ai.. 
PNAS USA 89:7958 (1992); Dang et ai.. Mol. Cell. Biol. 11:954 (1991); Chien et at, PNAS USA 
88:9578 (1991); and U.S. Patent Nos. 5,283.173, 5.667.973, 5.468,614. 5.525.490. and 5.637.463. a 
preierrea system is described in Senal Nos. 09/050,863. filed March 30. 1998 and 09/359.081 filed 

36 Juiy 22. 1999, entitled "Mammalian Protein interaction Cloning System". For use in conjunction with 
these systems, a Darticuiariy useful snuttie vector is aescribed in Serial No. 09/133.944, filed August 
14, 199E. entitled "Shuttle Vectors". 
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In 9 neral. two nucleic acids are transformed into a cell, wnere one is a "bait" such as tne gene 
encooing an BTRX/? or NTR protein or a ooftion thereof, and the other encoaes a test candidate. Only 
if the two expression produces bind to one another will an indicator, such as a fluorescent protein, be 
expressed. Expression of the indicator indicates when a test candidate binas to the BTRX/i or NTR 
protein and can be identified as an BTRX/? or NTR protein. Using the same system and the identified 
BTRX/7 or NTR proteins the reverse can be performed. Namely, the BTRX/? or NTR proteins provided 
herein can be used to identify new baits, or agents which interact with BTRX/? or NTR proteins. 
Additionally* the two-hybrid system can be used wherein a test candidate is added in addition to the 
bait and the BTRX/? or NTR protein encoding nucleic acids to determine agents which interfere with 
the bait and the BTRX/? or NTR protein interactions. 

In one embodiment, a mammalian two-hybrid system is preferred. Mammalian systems provide post- 
translations! modifications of proteins which may contribute significantly to their ability to interact In 
addition, a mammalian two-hyorid system can be used in a wide variety of mammalian cell types to 
mimic the regulation, induction, processing, etc. of soecific proteins within a particular celt type. For 
example, proteins involved in a disease state ( i.e., cancer, apoDtosis related disorders) could be 
tested in the relevant disease ceils. Similarly, for testing of random proteins, assaying them under the 
relevant cellular conditions will give the highest positive results. Furthermore, the mammalian ceils 
can be tested under a variety of experimental conditions that may affect intracellular protein-protein 
interactions, such as in the presence of hormones, drugs, growth factors and cytokines, radiation, 
chemotherapeutics, cellular and chemical stimuli, etc., that may contribute to conditions which can 
effect protein-protein interactions, particularly those involved in cancer. 

Assays involving binding such as the two-nybrid system may take into account non-specific binding 
proteins (NSB). 

Expression in various cell types, and assays forBTRX/? or NTR activity are described above. The 
activity assays, such as having an effect on, for example, the oxidation/reduction state of a cell or cell 
component, organelle, or molecule performed to confirm the activity of BTRX/? or NTR proteins which 
have already been identified by their seauence identity/similarity or binding to BTRX/? or NTR as well 
as to further confirm the activity of lead compounas identified as modulators of BTRX/) or NTR. 

In one embodiment, the BTRX/? or NTR proteins of the present invention may be used to generate 
polyclonal and monoctonai antibodies to BTRX/? or NTR proteins, which are useful as described 
herein- Similarly, the BTRX/i or NTR proteins can oe coupled, using standaro technology, to affinity 
chromatography columns. These columns may then be used to purify BTRX/? or NTR antibodies. In a 
preferred embodiment, the antibodies are generated to epitopes unique to the NTR protein; that is, the 
antibodies show little or no cross-reactivity to other proteins These antibodies find use in a number of 
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applications. For example, the BTRXri or NTR antiDoaies may be coupled to standard affinity 
chromatography columns and used to purify BTRX/? or NTR proteins as further described below. The 
antibodies may also be usea as blocking polypeptides, as outlined aoove, since they will specifically 
bind to the BTRX/? or NTR protein. 

The anti-NTR protein antibodies may comprise polyclonal antibodies. Methods of preparing polyclonal 
antibodies are known to the skilled artisan. Poiycional antibodies can be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if desired, an adjuvant Typically, the 
immunizing agent and/or adjuvant will be injected in the mammal by multiple subcutaneous or 
intraperitoneal injections. The immunizing agent may include the BTRX/? or NTR protein or a fusion 
protein thereof. It may be useful to conjugate the immunizing agent to a protein known to be 
immunogenic in the mammal being immunized. Examples of such immunogenic proteins include but 
are not limited to keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, and soybean 
trypsin inhibitor. Examples of adjuvants which may be employed include Freund's complete adjuvant 
and MPL-TDM adjuvant (monopnosphon/i Lipid a, synthetic trehalose dicorynomycotate). The 
immunization protocol may be selected by one skilled in the an without undue experimentation. 

The anti-Btrxh or anti-NTR protein antibodies may, alternatively, be monoclonal antibodies. 
Monoclonal antibodies may be prepared using hybridoma methods, such as those described by Kohter 
and Milstein, Nature. 255:495 (1975). In a hybridoma method, a mouse, hamster, or other appropriate 
host animal, is typically immunized with an immunizing agent to elicit lymphocytes that produce or are 
caoabie of producing antibodies that will specifically bind to the immunizing agent Alternatively, the 
lymphocytes may be immunized in vitro. 

The immunizing agent will typically include the BTRX/j or NTR protein or a fusion protein thereof. 
Generally, either peripheral biood lymphocytes ("PBLs") are used if cells of human origin are desired, 
or spleen cells or lymph noae ceiis are used if non-human mammalian sources are desired. The 
lymphocytes are then fused with an immortalized cell line using a suitable fusing agent, such as 
polyethylene glycol, to form a hybridoma ceil [Goding, Monoclonal Antibodies: Principles and Practice . 
Academic Press, (1986) pp. 59-103]. immortalized cell lines are usually transformed mammalian 
cells, particularly myeloma ceils of rodent bovine and human origin. Usually, rat or mouse myeloma 
cell lines are employed. The hybridoma ceiis may be cultured in a suitable culture medium that 
preferably contains one or more substances that inhibit the growth or survival of the unfused, 
immortalized ceils For example, if the parental celts lack the enzyme hypoxanthine guanine 
phospnoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will 
include hypoxanthine. aminootenn. and thymidine ("HAT medium"), which substances prevent the 
growth of HGPRT-deficient cells. 
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Preferred immortalized cell lines are those that fuse efficiently, support stable high levei expression of 
antibody by the setected antibody-producing cells, and are sensitive to a medium such as HAT 
medium. More preferred immortalized cell tines are murine myeloma lines, which can oe obtained, for 
instance, from the Salk institute Cell Distribution Center, San Diego, California and the American Type 
Culture Collection, Rockviiie, Maryland. Human myeloma and mouse-human heterornyetoma cell 
lines atso have been aescribed for the production of human monoclonal antibodies [KozDor, J. 
Immunol.. 133:3001 (1984); Brodeur et aL, Monoclonal Antibody Productton Techniques and 
Applications , Marcel Dekker, Inc., New York. (1987) pp. 51-63]. 

The culture medium in which the hybndoma ceils are cultured can then be assayed for the presence of 
monoclonal antibodies directed against NTR protein. Preferably, the binding specificity of monoclonal 
antibodies produced by the hybndoma cells is determined by immunoprectpttation or by an in vitro 
binding assay, such as radioimmunoassay (RIA) or enzyme-linked immunosorbent assay (ELISA). 
Sucn techniques and assays are known in the art. The binding affinity of the monoclonal antibody 
can, for example, be determined by the Scatchard analysis of Munson and Pollard, Anal. Biochem. . 
107:220 (1980). 

After the desired hybndoma celts are identified, the clones may be subcioned by limiting dilution 
procedures and grown by standard metnods [Goding, supral . Suitable culture media for this purpose 
include, for example, Dulbecco's Modified Eagle's Medium and RPMI-1640 medium. Alternatively, the 
hybriaoma cells may be grown in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified from the culture 
medium or ascites fluid by conventional immunoglobulin purification procedures such as, for example, 
protein a-Sepharose. hydroxy tapatte chromatography, gel electrophoresis, dialysis, or affinity 
chromatography. 

The monoclonal antibodies may also be made by recombinant DNA methods, such as those described 
in U.S. Patent No. 4,816,567. DNA encoding the monoclonal antibodies of the invention can be 
readily isolated and sequenced using conventional procedures (e.g., by using oligonucleotide probes 
that are capable of binding specifically to genes encoding the heavy and light chains of murine 
antibodies). The hybridoma cells cf the invention serve as a preferred source of such DNA. Once 
isolated, the DNA may be placed into exDresston vectors, which are tnen transfected into host cells 
sucn as simian COS cells. Chinese hamster ovary (CHO) ceils, or myeloma ceils that ao not otherwise 
produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the recombinant 
host cells. The DNA also may be modified, for example. Dy substituting the coding sequence for 
human heavy and light cnain constant domains in place of the nomoiogous munne sequences (U.S. 
Patent No. 4,816,567; Momson et a;., suoral or by covaiently joining to the immunoglobulin coding 
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sequence all or Dan of the coding seouence for a norHmmunogtobuim poiypeptiae. Such a non- 
immunogiobuiin polypeptide can be suostituted for the constant domains of an antiboay of the 
invention, or can be substituted for the vanabie domains of one antigen-combining site of an antibody 
of the invention to create a chimeric bivaient antibody. 



The antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies are well 
known in the art For example, one method involves recombinant expression of immunoglobulin light 
chain and modified heavy cnain. Tne heavy chain is truncated generally at any point in the Fc region 
so as to prevent heavy cnain crossiinkinc. Alternatively, the relevant cysteine residues are substituted 
with another amino acid residue or are deleted so as to prevent crosslinking. 

in vitro methods are also suitable for preparing monovalent antibodies. Digestion of antibodies to 
produce fragments thereof, particularly, Fab fragments, can be accomplished using routine techniques 
known in the art. 

The anti-NTR protein antibodies of the invention may further comprise humanized antibodies or 
human antibodies. Humanized forms of non-human (e.g., murine) antibodies are chimeric 
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab')j or other 
antigen-binding subsequences of antibodies) which contain minimal sequence derived from non- 
human immunoglobulin. Humanized antibodies include human immunoglobulins (recipient antibody) 
in which residues from a complementary determining region (CDR) of the recipient are replaced by 
residues from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit having 
the desired specificity, affinity and capacity, in some instances. Fv framework residues of the human 
immunoglobulin are replaced by corresponding non-human residues. Humanized antibodies may also 
comprise residues which are found neither in the recipient antibody nor in the imported CDR or 
framework sequences, tn general, the humanized antibody will comprise substantially all of at least 
one. and typically two, variable domains, in which all or substantially all of the CDR regions 
correspond to those of a non-human immunoglobulin and all or substantially all of the FR regions are 
those of a human immunoglobulin consensus sequence. The humanized antibody optimally also will 
comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a human 
immunoglobulin [Jones et aL, Nature . 321 :522-525 (1986); Riechmann et al., Nature . 332:323-329 
(1988); and Presta, Curr. Oo. Struct. Biol. . 2:593-596 (1992)]. 

Methoas for humanizing non-human antibodies are well known in the art. Generally, a humanized 
antibody nas one or more amino acid resiaues introduced into it from a source whicn is non-human. 
These non-human amino acia residues are often referred to as "import" residues, whicn are typically 
taKen from an "import" vanabie aomain Humanization can be essentially performed following the 
methoa of Winter and co-workers [Jones et al., Nature . 321:522-525 (1986): Riechmann et al., Nature . 
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332:323-327 (1988); Vernoeyen et at., Science . 239:1534.1536 (1988)), by suostituting rodent CDRs 
or CDR seauences for the corresponding seauences of a human antibody. Accordingly, sucn 
•humanized" antibodies are chimenc antibodies (U.S. Patent No. 4,816,567), wherein substantially 
less than an intact human variable aornain nas been suostituted by the corresponding sequence from 
a non-human species. In practice, humanized antibodies are typically human antibodies in which 
some CDR residues and possibly some FR residues are suostituted by residues from analogous sites 
tn rodent antibodies. 

Human antibodies can atso be produced using various tecnniques known in the art, including phage 
display libranes [Hoogenboom and Winter, J. iVioi BioL 227:381 (1991); Marks ei al., J. Mot. Biol.. 
222:581 (1991)}. Hie tecnntques of Cote et al. and Boemer et at. are also available for the preparation 
of human monoclonal antibodies (Cote et ai. t Monoclonal Antibodies and Cancer Therapy . Alan R. 
Liss, p. 77 (1985) and Boemer et al., J. Immunol.. i47m :86-95 (1991)]. Similarly, human antibodies 
can be made by introducing of human immunoglobulin loci into transgenic am mats, e.g., mice in which 
the endogenous immunoglobulin genes have been partially or completely inactivated. Upon 
challenge, human antibody production is observed, which closely resembles that seen in humans in all 
respects, including gene rearrangement, assembly, ana antibody repertoire. This approach is 
described, for example, in U.S. Patent Nos. 5,545.807; 5,545,806; 5,559,825; 5,625,126; 5,633,425; 
5,661,016, and in the following scientific publications: Marks er aL Bio/Technology 10. 779-783 
(1992); Lonoerg era/., Nature 368 856-359 (1994); Morrison. Nature 368 . 812-13 (1994); Ftshwild er 
a/., Nature Biotechnology 14. 845-51 (1996); Neuoerger, Nature Biotechnology 14. 826 (1996); 
Lonberg and Huszar, Intern. Rev. Immunol 13 65-93 (1995). 

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that have binding 
specificities for at ieast two different antigens, in the present case, one of the binding specificities is 
for the NTR protein, the other one is for any other antigen, and preferably for a cell-surface protein or 
receptor or receptor subunrt. 

Methoos for making bisDecific antibodies are known in the an. Traditionally, the recombinant 
production of bispecific antibodies is based on the co-exDression of two immunoglobulin heavy- 
chain/iight-cnain pairs, wnere the two heavy chains nave different specificities [Milstein and Cuello, 
Nature . 305:537-539 (1983)]. Because of the random assortment of immunoglobulin heavy and light 
cnains. these hybridomas (ouaaromas) oroauce a potential mixture of ten different antibody 
molecules, of which oniy one nas the correct bispecific structure. The purification of the correct 
molecule is usually accomoiisned by affinity chromatography steps. Similar procedures are disclosed 
in WO 93/08829, DUblished 13 May 1993. and in Traunecker et a!.. EMBO J. . 10:3655-3659 (1991). 

Antibody variable domains with the oesirec binding specificities (antibody-antigen combintng sites) can 
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be fused to immunogioouiin constant aomain sequences. The fusion preferably is with an 
immunoglobulin heavy-chain constant domain, conrronsing at least pan of the hinge. CH2. and CH3 
regions. It is preferred to have the first heavy-chain constant region (CH1 ) containing the site 
necessary for light-chain binding present in at least one of the fusions. DNAs encoding the 
immunoglobulin heavy-cnain fusions anc, if desired, the immunogtoouiin light chain, are inserted into 
separate expression vectors, and are co-transrected into a suitable host organism. For further details 
of generating bispecific antibodies see, for example. Suresh et ai., Methods in Enzymoioov, 12,1:210 
(1986). 

Heteroconjugate antibodies are aiso within the scope of the present invention. Heteroconjugate 
antibodies are composed of two covaientiy joined antibodies. Such antibodies nave, for example, 
been proposed to target immune system celis to unwanted cells [U.S. Patent No. 4,676,980], and for 
treatment of HIV infection (WO 91/00360; WO 92J200373; EP 03089]. It is contemplated that the 
antibodies may be prepared in vitro using known methods in synthetic protein chemistry, including 
those involving crosslinking agents. For example, immunotoxins may be constructed using a disulfide 
exchange reaction or by forming a thioether bond. Examples of suitable reagents for this purpose 
include imrnothioiate and methyi-4-mercaptobutynmidate and those disclosed, for example, in U.S. 
Patent No. 4,676,980. 

The anti-NTR protein antibodies of the invention have various utilities. For example, anti-NTR protein 
antibodies may be used in diagnostic assays for a NTR protein, e.g., detecting its expression in 
specific celts or tissues etc. Various diagnostic assay techniques known in the art may be used, such 
as competitive binding assays, direct or indirect sandwich assays and immunoprecipitation assays 
conducted in either heterogeneous or homogeneous phases (Zola, Monoclonal Antibodies: a Manual 
of Techniques . CRC Press, Inc. (1987) pp. 147-158], The antibodies used in the diagnostic assays 
can be labeled with a detectable moiety. The detectable moiety should be capable of producing, either 
directly or indirectly, a detectable signal. Fcr examote, the detectable moiety may be a radioisotope, 
such as 3 H, U C, **P t ^S. or t2£ l, a fluorescent or chemiiuminescent compound, such as fluorescein 
isothiocyanate, rhodamine, or luofenn, or an enzyme, such as alkaline pnosphatase, beta- 
gaiactosidase or horseradish peroxidase. Any method known in the art for conjugating the antibody to 
the detectable moiety may be employed, including those methods descrioed by Hunter et al. t Nature. 
144:945 (1962); David et ai., Biochemistry . 13:1014 (1974); Pain et ai., J. Immunol. Meth. . 40:219 
(1981); and Nygren, J. Histocnem. and Cvtocnem„ 30:407 (1982). 

Anti-Btrxh or anti-NTR protein antibodies aiso are useful for the affinity purification of BTRX/) or NTR 
protein from recombinant cell culture or natural sources, in this process, the antibodies against NTR 
protein are immoDilized on a suitable support, such a Seonadex resin or filter paper, using methods 
well Known in the art. The immobilized antiDOdy then is contacted witn a sample containing the 
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i BTRX/) or NTR protein to oe purified, and tnereafter the support is wasneb with a suitable solvent that 
will remove substantially all the matenai in the sample except the BTRXft or NTR protein , which is 
bound to the immobilized antibody. Finally, the support is washed with anotner suitable solvent that 
will release the BTRX/? or NTR protein from the antiboay. 

6 III. Use of Plants Expressing Elevated Levels of Thioredoxin and/or NTR 

In one embodiment, the transgene protein, for example BTRX/? or NTR transgene expressed in plants 
(see for example USSN 60/126,736), especially seeds or grains, using the methods aescribed herein, 
is used in the production and synthesis of BTRX/? or NTR. The BTRX/? or NTR transgene expressed 
by the recombinant ntxleic acid of the invention may be harvested at any point after expression of the 

1 1 protein has commenced. When harvesting from the seed or grain or other part of a plant for example, 
it is not necessary for the seed or grain or other part of the plant to have undergone maturation prior to 
harvesting. For example, transgene expression may occur prior to seed or grain maturation or may 
reach optimal levels prior to seed or grain maturation. The transgene protein may be isolated from the 
seeds or grain, if desired, by conventional protein purification methods. For example, the seed or 

16 grain can be milted, then extracted with an aaueous or organic extraction medium, followed by 

purification of the extracted thioredoxin protein. Alternatively, depending on the nature of the intended 
use, the transgene protein may be partially purified, or the seed or grain may oe useo directly without 
purification of the transgene protein for food processing or other purposes. 

21 The overexDression of the BTRXr? or NTR either alone or, preferably in combination, in a seed of grain 
increases the redox status (SH:SS ratio) of the seed or grain. The combination can be achieved by, 
for example, breeding plants indivicual'y transformed with either BTRX/? or NTR, co-transformation 
with BTRX/? and NTR expression vectors, or by mixing the oroducts of the individually transformed 
plants. In a preferred embodiment, the transgenic seed or grains of the invention find use in the 

26 production of food or feed products with increased digestibility, decreased allergenicity, a redistribution 
of the protein of a seed or grain to the more soluble faction. 

For example, the addition of thioredoxin promotes the formation of a protein network that produces 
flour with enhanced baking quality. Kobrenel ef a/., (1994) have snown that the addition of thioredoxin 
31 to flour of non-glutenous cereal such as nee, maize, and sorghum promotes the formation of a dough- 
like proauct. Accordingly, the addition of thioreaoxin exDressed tn seeds using tne methods described 
herein find use in the production of flour witn imoroved baking quality such as increased strength 
and/or voiume. 

36 The enhancea expression of thioredoxin aiso produces a seed havinq an altered biochemical 

composition. For example, ennanced thioredoxin expression Droduces seed with increased enzymatic 
activity, such as, increased pulluianase and aipna-amyiase A. Enhanced thioreaoxin expression also 
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produces seed with early alpha-amyiase B activation. Pullulanase ("decirancning enzyme") is an 
enzyme that breaks aown branched starch of the endosDerm of cereal seeas by hyarolyticaliy cleaving 
aipna-1,6 bonds. Alpha-amytases breaK down starch 1-4 linkages. Pullulanase and amylases are 
enzymes fundamental to the brewing and baking industries. Pullulanase and amylases are required to 
break down starch in matting ano in certain baking procedures cameo out in the aDsence of adaeti 
sugars or other carbohydrates. Obtaining adequate activity of these enzymes is problematic 
especially in the malting industry. It has been known for some time that dithiothreitoi (DTT, a chemical 
reductant that reauces ana sometimes replaces thioredoxin) activates pullulanase of cereal 
preparations (e.g., barley, oat and nee flours). A method of adequately increasing the activity of 
pullulanase and aipha-arhVlase A ana shortening the activation time of alpha-amyiase B with a 
physiologically acceptable system, leads to more rapid malting methods and, owing to increased sugar 
availability, to alcoholic beverages such as beers with reduced carbohydrate content 

Accordingly, seeds or grains with enhanced thioredoxin expression provide advantages in the 
production of malt and beverages produced by a fermentation process. Enhanced pullulanase and 
aipha-amylase A and earlier induction of alpha-amylase B in grain increases the speed and efficiency 
of germination, important in matting, where matt is produced having increased enzymatic activity 
resulting in enhanced hydrolysis of starch to fermentable carbohydrates, thereby, improving the 
efficiency of fermentation in the production of alcoholic beverages, for example, beer and scotch 
whiskey. Early alpha-amylase B activation would reduce the total time for malting by about 20%. 
Enhanced fermentation processes also find use in the production of alcohols that are not intended for 
human consumption, i.e., industrial alcohols. 

In another embodiment, seed or grains with enhanced thtoreooxin expression provide advantages in 
ennancing the onset and efficiency of germination. 

The overexpression of thioredoxin in seed or grains results in an increase in the total protein. It also 
promotes the redistribution of proteins to the most soluble albumin/globulin fraction and the production 
of flour and other food products, feed, and beverages with improved digestibility in comparison to 
edible products made from non-transformed grains. Such edible proaucts find use in amelioration and 
treatment of food maiabsorptive syndromes, for example, sprue or catarrhal dysentery. Sprue is a 
maiabsorptive syndrome affecting both children and adults, precipitated by the ingestion of gluten- 
containing foods. Edible proaucts that are more readily digested and readily absorbed avoid or 
ameliorate the disease symptoms. Edible products with improved digestibility also ameliorate or 
reduce symptoms associated with ceiiac disease in which storage proteins that are not readily 
digested in afflicted individuals result in inflammation of the Gl tract. 

The expression of thioredoxin in seea grams results in tne oroduction of foods and other edible 
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1 products with reduced aliergenicity in comparison to edible proaucts made from non-transformed 

grains. Food allergies are a significant hearth and nutrition problem (Lehrer ef a/., 1996). Up to 2% of 
adults and 8% of children nave a fooo allergy causing senous symptoms including death. Wheat 
protein is one of the pnncioat allergens. Food allergies are defined by the American academy of 
Allergy and Immunology Committee on Adverse Reactions to Food as "an immunological reaction 
6 resulting from the ingestion of a food or a food additive" (Fenema, 1996; Lasztity, 1996). Most true 
allergic responses to food proteins appear to oe caused by a type-! immunoglobulin £ (IgE)-mediated 
hypersensitivity reaction (Sicherer, 1999). These responses may occur within minutes or a few hours 
after eating the offending food (Funong-Munoz, 1996). When the offending food is ingested by 
allergy-sensitive individuals the body releases histamines and other biochemicais. resulting in itchy 

1 1 eyes, rash or hives; runny nose; swelling of the lips, tongue, and face; itching or tightness of the throat; 
abdominal pain; nausea; diarrhea; and shortness of breath. Some individuals have severe, 
anaphylactic reactions, resulting in approximately 135 deaths per year in the United States. In the 
U.S. over 2,500 emergency rooms visits per year are allergy-related. There is no cure for food 
allergies, only avoidance of the food will prevent symptoms. For example, patients with wheat allergy 

16 must avoid wneat- or gluten-containing foods; wheat gluten is a very common ingredient in many 
processed foods (Marx er aL, 2000). 

A feature common to many allergens is the presence of one or more disulfide bonds that contribute to 
the resistance of allergens to digestion (Astwood et aL, 1996), allowing them to be mostly intact when 
21 they react the small intestine where they are presentea to mucosal cells that mount an IgE immune 
response. The major allergens were found to be insoluble storage proteins, gliadins and giutenins. 
The soluble storage proteins, albumins ana globulins were considerably weaker (Buchanan eta/., 
1997). Aliergenicity of these proteins :s suostantially decreased after thioreaoxin treatment and 
disulfide bond reduction. 

26 

Edible products, for example, bread, cookies, dough, thicxeners, beverages, malt, pasta, food 
additives, including animal feeds, maae using the transgenic plants or parts of a transgenic plant of the 
invention have aecreased aliergenicity and accordingly can be used to in the treatment of an allergic 
resoonse. By "treatment" or "alleviating* symptoms nerein is meant prevention or decreasing the 
3 1 prooability of symptoms. 

Increased digestibility of seeds or grains also proviaes wider consumption of grains by man and 
animals who otherwise can not consume sucn grains. For examme, sorgnum is the world's fifth 
leading grain in terms of metnc tons after wheat, nee, maize, and baney and third in proauction in the 
36 Untied States after maize and wheat. The use of sorgnum is constrained in part because of the 
difficulty associateo witn tne digestibility of its protein ana starcn compared to otner grains. This 
difficulty with the digestibility of sorgnum protein anc sicirch nas to do with tne structure of the seed 
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1 and the manner in whicn the proteins are associated with the starch. The digestibility of the starcn 
flour from sorghum cultivars is 15-25% lower in digestibility tnan. for example, maize. Perhaps more 
notable is the fact that unlike other grains, the indigestibility of unprocessed sorgnum fiour increases 
dramatically after boiling in water, a common practice in Africa. A study with human subjects showed 
that protein digestibility in cooked sorghum oorridge can be as low as 46%, whereas the percent 
6 digestibility for cooked wneat, maize, and rice was 81%, 73%, and 66% respectively (Mertz et at. 

1984, MacLean et a/. 1981). Exogenous addition of reducing agents increases the digestibility of the 
starch (Hamaker eta!. 1987). However, the efficacy of manipulating the thioredoxin system in vivo tn 
the seed by expressing increased amounts of thioredoxin in a manner which does not adversely affect 
plant development or morphology had net previously been demonstrated. Accordingly, the transgenic 

1 1 plants of the invention provide wider use of seeds or grains as food sources by increasing the 

digestibility of the starch and/or protein component. The transgenic seeds or grains of the present 
invention also provide the advantage of increasing the digestibility of food products for human and 
feed for animals made of these grains without the addition of exogenous reducing agents. In addition, 
the increased digestibility results in greater utilization of the food or feed, i.e., a human or animal 

16 consuming an edible product comprising a transgenic seed or grain of the invention or an extract 

thereof more efficiently absorbs nutrients and therefore requires to consume less in comparison to a 
non-transgenic food product, in another embodiment the transgenic seed, grain or extracts thereof of 
the present invention and extracts or food products thereof are used as a food or feed additives. For 
example, an extract or flour or malt produced from a transgenic seed or grain of the invention is added 

21 to a non-transgenic food or feed product to improve the digestibility or decrease the allergenicity of the 
nontransgenic food product or to improve the quality of the total food product, such as, by increasing 
the strength and/or volume of the food product. 

Illustrative embodiments of the invention are described below, 

26 

EXAMPLES 

Example 1 
Bariev Gene for Thioredoxin h 
Barley thioredoxin h was cloned using PCR with pnmers derived from tne known sequences of two 
31 thioreaoxin h wheat genes (Gautier et a/.. 1998). When these two sequences were compared, 

conserved ammo acia regions were found. The following pnmers were prepared that hybridized to 
these reaions: 

wtrh4: 5 , -CCAAGAAGTTCCCAGCGTC-3' (SEQ ID NO;7) 

36 wtrh2R 5-C AC G CGGC GG CC CAGTAA-2' (SEQ ID NO:8). 

These pnmers were used in an amplification reaction essentially as desenbed by Samorook ef at. 
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1 (1989). A scuteiium barley (Hordeum vwgare L) cDNA library was useo as template. The resultant 
PCR proauci. corresponding to pan of tne baney thioreooxin h sequence hignly homologous to the 
wheat cDNAs (Figure 2), was gei-purified using QIAquick Gel extraction kit (Quiagen. UK) and 
sequenced using an automated seouencer (Perken Emer. CA. USA). This amplification product was 
then used to build a gene-specific prooe according to a ranaom pnming protocol (Promega, Madison, 
6 Wl, USA) using ^P-dCTP. The syntnesized prooe was purified with a TE Midi Seiect-D. 650 column (5 
Pnme-3 Prime. Inc., CO, USA), ana used to screen the baney scuteiium AZaptt cDNA library. Plaques 
were transferred onto nitrocellulose filters (NitroPure, MSI, Westboro, MA. USA) by standard methods 
(Sambrook et a/., 1989). The DNA was fixed onto the filters using a Stratalinker UV crosstinking 
apparatus (Stratagene, La Jolta. CA. USA) and prehybricized for 3.5 hours at 55°C in a MKIl Mini 

11 OveniHybaid, Woodridge, NJ, USA) using a solution containing 6 x SSC, 10mM EDTA, 5X Denhardts 
solution, Q.5% SDS and 100 ugrmi of boiled calf thymus DNA (Sambrook etaL t 1989). Hybridization 
was carried out at 68°C for 15 hour* with 30 ui of the baney thioredoxin h probe-solution per 
hybridization. Biots were washed twice in 2 x SSC, 0.:% SDS at room temperature for 30 minutes, 
twice in 1 x SSC. 0.1% SDS at 65°C for 30 minutes, and once in 0.1 x SSC, 0.1% SDS, then exposed 

16 to X-ray film at -70°C with two intensifying screens for 1 8 hours. 

Hybridizing plaques were isolated separately using a Pasteur pipette and resuspenaed in 500 \i\ SM 
(Sambrook era/., 1989) with 20 ui cnioroform in an Eppenaorf tube. The samples were then vortexed 
for two minutes and stored at 4°C overnight. The phage suspension was diluted so that approximately 

21 100 plaques were contained on each 100 mm plate (one cored piaaue in 1 ml SM buffer represents 

about 0.1C 6 pfu (plaque forming unit(s); Lambda Zapil Library instruction Manual, Stratagene, La Jolta, 
CA). Two positive clones per 20,000 plaque-forming units (pfu) were found. After a second screening 
purification, the size of the insert in tne positive clones was aetermined using the T3 and T7 primers 
which hybridize to the extremities of the A Zapll potylinKer site. Two 1 .5 kb fragments were obtained. 

26 Sequencing revealed that these two clones contained the same full-length thioredoxin n cDNA.. 

The full-length barley thioredoxin ft cDNA is 369 bp (Figure 2) and encodes a protein of MW 13,165 
Daltons (Figure 1) with a theoretical pi of 5.12. It shares homology with the Arabidopsts and w/ieaf 
thioredoxin h cDNAs. but is unique in its nucteic and anino acic sequences. The putative 
31 corresponding amino acid seauence contains the conserved thioredoxin active site (Figure 1). The 
barley amino acid and cDNA seauences are homologous to known wneat thioreaoxins n seauences 
(Figures 1 and 2). Nevertheless, the alanine enncned ammo-terminal region is snorter in the barley 
thioredoxin h (by 5 amino acias comparea to pTaM1338 (accession numDer X69915) and by 8 ammo 
acids compared to pTd14132 (accession numoer AJ001903) (Figure 1)). 

36 

Example 2 

Nucleotide Sequence of a cDNA Encoding ar NADP-~htoreaoxin Reductase ( IsfTR) 
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1 from Bariev (Hortieum vutaare L ) 

A cDNA liorary from bariey (Hordeum vuigare L. cv. Himalaya) scuteiium tissues was constructea by 
in X Zao II (Stratagene. La Joila, CA) from poly(A>+ RNA. The cDNA library was screened by PCR 
using a set of degenerate primers. mRNTR2 (5'-TTCTTCGCSATCGGMCAYGARCC-3'; SEQ ID 
NO:13) oius mRNTRSR (5'-GCGTCSARRGCRGCCATGCASCC-3'; SEQ ID NO:14), producing the 

6 internal 201-bp fragment It was re-screenea using a set of primers, MPNTR7 
(5-ACSACSACSACSGACGTSGARAA-2'; SEQ ID NO: 15) plus BNTR9R 

(5'-ACTGGTATGTGTAGAGCCC-3*; SEQ ID NO:16), producing the internal 693-bp fragment (Figure 
3). The sequences of 5'- and 3'-cDNA enos with cDNA library were obtained by PCR using primer 
sets, T3 (S'-AATTAACCCTCACTAAAGGG-S'; SEQ ID NO: 17) plus EMTR12R (5*- 

1 i AAGTTCTCGACGTCGGTGGTG-3' ; SEQ ID NO:18) and M13R ( 5*-CAGGAAACAGCTATGAC-3*; 

SEQ ID NO:19) plus BNTR10 (5'-ATTATGCAGGCTAGGGCGCTC-3'; SEQ ID NOi20), respectively. A 
fulMengtn bartey scuteiium NTR cDNA clone was amplified by PCR using a primer set, BNTR22 (5- 
TATCTAGAATGGAGGGATCCGCCGCGGCGC-3'; SEQ ID NO:21) plus BNTR23R (5'- 
TTGGTAC CTCAATC AG ACTTG CCCAC CTGT-3' ; SEQ ID NO;22) t was subcioned into the 

16 pAcM INosKmf(-) vector at the Xbai-Kpm sites and the PCR-ampitfied NTR sequence was then 
identified by DNA sequencing analysis. 

The bariey scuteiium NTR cDNA clone has an open reading frame (ORF) of 332 amino acids (SEQ ID 
NC:23) (Figure 5A-B; Table 1). The calculated molecuiar weight determined for the translation product 

21 of that ORF was 34.900 daltons and the predicted PI is 5.03 (Table 1 ). The bariey scuteiium deduced 
amino acid sequence has 71% similarity with the A. thaiiana NTR (SEQ ID NO;24) and 39% with £ 
co// NTR (SEQ ID NO:25) (Figure 4B) using the CLUSTAL-V method set at default parameters 
(Higgins and Sharp. (1989) CompuL App!. Biosci., 5(2):151-153). A gene tree analysis suggested that 
the sequence of H. vuigare NTR is more closely related to that of A. thaiiana NTR than £ co// NTR 

26 (Figure 4C). 

Figures 5Aand 5B show the nucleotide sequence of the bariey scuteiium NTR (SEQ ID NO:10) 
isolated from a cDNA library. At the nucleotide level, H. vuigare NTR shows 58% similarity to 'A. 
thaiiana NTR (SEQ ID NC:26) and 41% to £ co// NTR (SEQ ID NO:27) (Figure 5C) as determined by 
31 CLUSTAL-V default parameters. Shaded residues in Figure 5B inaicate nucleotide sequences 
conserved in all tnree NTR genes from h. vuigare, A. thaiiana and £ coli. 

Table i . Predicted Structural Class cf the Wnole Protein: Alpna Deleage & Roux Modification of 
Nishikawa and Ooi (1 987) 
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Analysis 


j Whole Protein 


Molecular Weight 


| 34899.50 m.w. 


Lengtn 


! 332 
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1 microgram = 




1 28.654 pMotes 


M iar Extinction Coefftaent 




27910 ±5% 


1 A(280) 


1.25 mg/ml 


Isoelectric Point 


6.03 


Charge ay dH 7 


-4.05 


Whole Protein Composition Analysts: 


Amino Acid(s) 


Number Count 


% by Weight j % by Freouency 


Charged (R. K. H. Y, C. D, E) 


81 


31.07 


24.40 


Acidic (D. E) 


33 


11.53 


9.94 


Basic (K, R) 


28 


11.57 


8.43 


Polar<N,C,Q, S. T, Y) 


80 


25.05 


24.10 


HydroDhobic (A, I, L. F. W, V) 


127 


36.67 


38.25 


A Ala 


44 


8.96 






13.25 


i 

C Cys 


5 


1.48 






1.51 


D Asp 


17 


5.61 






5.12 


EGlu 


16 


5.92 






4.82 


FPhe 


14 


5.90 






4.22 


GGly 


• 37 

• 


6.05 






11.14 


H His 


7 


2.75 






2.11 ■ 


i lie 


17 


5.51 






5.12 


KLys 


12 


4.41 






3.61 


L Leu 


19 


6.16 






5.72 


MMet 




2.63 






2.11 


N Asn 


11 


3.60 






3.31 


PPro 


12 


3.34 






3.61 


Q Gin 


11 


4.04 






3.31 


R Arg 


16 


7.16 






4.82 


S Ser 


21 


5.24 






6.33 


TThr 


24 


6.95 






7.23 


Wai 


30 


8.52 






9.04 


WTrp 


3 


1.60 






0.90 


YTyr 


8 


3.74 






2.41 


6 Asx 


0 


0.00 






0.00 


ZGbc 


1 


0.37 






0.30 


X Xxx 


0 


0.00 






0.00 
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Example 3 



Expression of Wheat thioreaoxrn h (WTRXh) in Transgenic Bariev 



Four different DNA constructs were praoucea, each containing a 384-bp wtrxh fragment encoding the 
13.5-KDa WTRXh protein. The four constructs are illustrated in Figure 6 and described beiow. Each 
construct compnsed the 384-bp wtrxh fragment operabiy linked to a seed-specific promoter (either the 
bailey endosperm-specific D-hordeiri or B1-hordein promoters or the maize embryo-specific globulin 
promoter). An additional construct comprised the 384-bp wtrxh fragment operabiy linked to the 
Bl-hordein promoter and the B1-horaein signal sequence (Figure 6). The transformation vector used 
included the bar gene, conferring resistance to biatapnos. Twenty-eight independent regenerate 
barley lines were obtained after bialaphos selection and all were PCR-posttive for the bar gene. The 
presence of the wtrxh gene was confirmed in the genome of the 28 independent lines by PCR and 
DNA hybndization analyses. The expression of the WTRXh protein was assessed by western blot 
analysis, using purified wneat thioredoxm as a control. The WTRXh expressed in transgenic barley 
had a molecular mass that differed from native barley TRXh but was identical to WTRXh. The WTRXh 
was found to be highly expressed in developing and mature seed of transgenic bariey plants although 
levels of expression varied among the transgenic events. On average, higher expression levels were 
observed in lines transformed with the DNA construct containing the BVhordein promoter plus the 
signal peptide sequence than the same promoter without the signal peptide sequence. The WTRXh 
purified from transgenic barley seed was confirmed to be biocnemically active. 

A. Materials and Methods 

Plant Materials for Transformation 

A two-rowed spring cultivar of barley. Golden Promise, was grown in growth cnambers as aescribed 
previously (Wan and Lemaux 1994; Lemaux et a/., 1996). 

Construction of Wheat Thioredoxin h Expression Vectors and DNA Sequencing 
Expression vectors were constructed containing the wheat thioredoxm h gene {wtrxh) dnven by the 
barley endosperm-specific Bl- or D-hordein promoter or the maize embryo-specific globulin promoter. 
The Dlasmids were constructed as follows. 

(1) pDhWTRXN-2: A 384-op wtrxh coding region was amplified by PCR from pTaM13.38 (Gautier et 
ai, 1998). This oiasmtd contained a cDNA of wtrxh, which was used as a template, creating Xbai and 
Sad sites with the following primers WtrxM (S'-atatctaqa ATGGCGGCGTCGGCGGCGA ) (SEQ ID 
NO:28) and Wtrxh2R ( S'-ataqaoctc TTACTG GGCCGC GTGT AG ) (SEQ ID NO:29), respectively (Figure 
6). Small tetters in the pnmer aenote a restnction enzyme site for suoctontng of the DNA fragment 
containing the wtrxn gene: underlined letters aenote wtrxh seouences. The ATG initiation codon for 
wtrxh exDresston was incluaed in the Wtrxh 1 Dnmer. PCR reactions were performed on a thermocycler 
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(MJ Research Inc.. Watertown. MA) using recombinant Taa DNA polymerase (Promega. Madison. Wl) 
in a 100-jjI reaction volume. The reaction buffer contained 10 mM Tns-HCl (pH 9.0), 50 mM KCi. 1.5 
mM MgCU. 0.1% Triton-X-100, and 50 qM of each oeoxynbonucieosiae triphosDnate. PGR conditions 
utilized 25 cycles of 94°C for 1 mm. 55°C for 1 mm and 72°C for 2 mm, with a final extension steo at 
72°C for 7 mm. The wtrxh fragment, which was amplified with the primers Wtrxhl and Wtrxh2R, was 
purified from a 0.7% agarose gei using a QIAauick® gel extraction kit (Qiagen Inc., Chatsworth. CA), 
digested with Xbai and Sac! and iigated into Xbal/Sacl-aigested pUC19 to generate the oWTRXh-1 
piasmid. Nucleotide sequences of tne PCR-amplified wtrxh coding region fragment were aetermined by 
the dideoxynuaeotide cnain termination method using Sequenase according to manufacturer's 
instructions (United States Biochemical, Cleveland. OH) with double-stranded piasmid templates and 
regulany spaced pnmers 

pDhWTRXN-2 was made by replacing the uidA gene in pDhGN-2 (containing bariey 
enaosperm-soecific D-hordein promoter (Figure 12) and nos 3' terminator) with the Xbai/Sacl fragment 
containing the wtrxh coding seouence from oWTRXh- 1, which contains tne PCR-amplified wtrxh 
coding sequence in dUC19. To construct pDhGN-2, a 0.4-kb D-horaein promoter was amDlified by 
PCR from pDII-Hor3 (Sorenson et a/., 1989. 1996; Cho et a/., 1999a). This piasmid contained the D- 
hordein promoter sequence, which was used as a template, creating Spni and Xbai sites with the 
following primers: Dhorl (5'-gqcgcatqcqaattc GAATTCGATATCGATCTTCGA -3 f ) (SEQ ID NO:30) and 
Dhor2 ( 5'-aactctaqa CTCGGTGGACTGTCAATG -3') (SEQ ID NO:31), resoectiveiy. 
Small letters in the onmers contain restriction enzyme sites for subcioning of the DNA fragment 
containing the D-hordein promtoen underlined letters denote D-hordein promoter seauences. The 
PCR amplified D-hordein promoter fragment was digested with Spnl and Xbai and reoaiced with the 
cauliflower mosaic 35S (CaMV 35S) promoter in p35SGN-3 to generate the pDhGN-2 piasmid. 
P35SGN-3 was maae by ligating the 3.0-kb SpW-EcoRI fragment containing the CaMV 35S promoter. 
uidA (beta-glucuroniaase, gus) gene and nos into the Sp/7l/EcoRI-digested pUC1S. 

(2) pdBhWTRX-1 : The construction of pdBhWTRXN-1 started by using pBhWTRXN-1. pBhWTRXN-1 
was made by replacing the uidA gene in oBhGN-1 . which contains uidA driven by the bariey 
endosperm-specific B1-horoein promoter and terminated oy the nos 3' terminator, with the Xbai/Sacl 
fragment from pWTRXh-1, which contains tne wtrxh coding seouence. The 120-bp Hindlll-5' 
Bl-hordem flanking region was deleted from the oBhWTRXN-1 ana retiaated to make tne 
pdBhWTRXN-'. construct. 



(3) DdBhssWTRXN3-8: Pnmers Bhor7 (5'-GTAAAGC!77AACAACCCACACATTG) (SEQ ID NO.7) and 
BhorWtrxMR f5'-CCGACGCCGCTGCAATCGTACTTGTTGCCGCAAT) (SEQ ID NO:8) containing 
Hindlll and Acyl sites, resoectiveiy. were used for amolification of a 0.49-k0 BVhordein 5-regton. 
wmch included tne Bl-nordein signal peDtide seouence (Figure 11). A A2-»/Hindlll piasmid containing a 
genomic clone cf Bi-horoein fBrandt et a/.. 1 985: Cno and Lemaux. 1997) was used as a temoiat for 
the amolification The onmer BhorWtrxnlR is an overlapping primer whtcn contains the wtrxh coding 
sequence (underlined) anc a Damai signal pemioe seouence from the B1-horo in promoter, but lacKs 
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tne ATG initiation coaon for wtrxh. pdBhs$WTRXN3-8 was made by replacing the D-hora in promoter 
(Figure 6) m pDhWTRXN-2 with the 0.49-ko PCR-amplified Hindlll/Acyl fragment, which contains tne 
BVhoraein promoter, its signal peotide seouence and tne junction region from tne 5' trxn gene. Thus, 
construe: DdBhssWTRXN3-8 contains the oariey enaosDerm-sDecific B1-horaein promoter with its 
signal Deptiae seauence (Figure 6). wtrxn .and nos (Figure 6). The signal peptide seauence containing 
the ATG initiation coaon was directly comaineo witn the sequence of wrncn, with no extra amino aad 
seouences oeing introduced between the two. This ensures that the WTRXh protein has a precise 
cleavage site in the lumen of the endoplasmic reticulum (ER^. The authenticity of a PCR-amplified 
fragment from the cnimenc product was confirmed by DNA sequencing. 

(4) pGIblWTRXN-l: The 1.42-kb Hindlll/BamHi fragment containing the maize embryo-specific 
globulin promoter from tne ppGlblGUS plasmid (Liu and Khz. 1996) was iigated into pBluescnpt II 
KS(+) to create Hindlll and Xbal sites. pGlbWTRXN-1 was made by restricting pDhWTRXN-2 with 
Hindlll and Xbal in order to remove the 0.49-kb Hindlll/Xbal barley D-horaein promoter from the 
pDhWTRXN-2. In place of the 0.49-kb Hindlll/Xbal D-horaein promoter fragment (Figure 6), the 
1.42-kb Hindlll/.Xbal maize giobuiin promoter was Iigated into the Hindlll/Xbal digested pDhWTRXN-2 
to form tne pGlbWTRXN-1 plasmid. 

Stable Bahev Transformation 

Stable transgenic lines of barley expressing WTRXh driven by the Bl-hordein promoter with and 
without the stgnal peptide sequence (Figure 11), by the D-hordein promoter (Figure 12) and by the 
mace globulin promoter were obtained following modifications of published protocols (Wan and 
Lernaux 1994; Lemaux et a/., 1996; Cho et a/.. 1998a-c). Whole immature embryos (lEs) ( 1.0-2.5 mm) 
were asepttcally removed, placed scutellum-side down on DC callus-induction medium containing 2.5 
mg/L 2.4-D and 5 pM CuS0 4 (Cho ef a/., 1998a-c). One day after incubation at 24+1 °C in tne dark, 
the lEs were transferred scutellum-side up to DC medium containing equimotar amounts of mannitol 
and sorortol to give a final concentration of 0.4 M. Four hours after treatment with the osmoticum, the 
lEs were used for Dombardment Gold panicles (1.0 urn) were coatea with 25 of a 1:1 molar ratio of 
pAHC20 (Christensen and Guail, 1996) ana one of the following plasmids, pdBhWTRXN-1, 
pdBhssWTRXN3-8, pDhWTRXN-2 ana pG1bWTRXN-1. the microprojectiles were bomoarded-usmg a 
PDS-1000 He biolistic aevice (Bio-Rad, Inc.. Hercules, CA) at 1100 psi. BomDaraed lEs were selected 
on DC meaium with 5 mg/L bialaphos for 2 to 3 months. Bialapnos-resistant callus was transferred 
onto an intermediate cuitunng medium (DBC2; Cho era/.. 1998a-c), containing 2.5 mg/L 2,4-D, 0.1 
mg/L BAP and 5.0 uM CuS04 between the selection [DC medium pius Diaiaonos (Meiji Seika Kaisha, 
Ltd.. Yokohama. Japan)] ana regeneration (FHG medium; Hunter, 1988) steps. The cuitunng after 
callus induction and selection on DC meaium were carnea out unaer dim light conditions 
(aporoximateiy 10 to 30 uE. 16 h-light) fCho er a/.. 1998a-c). Regenerated snoots were transferred to 
Magenta boxes containing rooting meaium (callus-induction medium without phytonormones) 
containing 3 mg/L oiaiaonos. When snoots reacned tne top of the oox. piantiets were transferred to 
soil in tne are nnouse. 
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Cytotoaical Anatvsts 

For cytoiogical analysis of transgenic oarley wants, healthy root menstems were collected from young 
plants grown in the greennouse. After pre-treatment at 4°C in saturated 1-bromonaphthalene solution 
overnignt. root menstems were fixed in 1:3 giaciai acetic acid:ethanoi and stored at 4°C. Root 
menstems were nydroiyzed tn 1 M HCI at 6C° C for 5-7 mm. stained in Feuigen solution ana sauashed 
on a glass slide in a drop or 1% aceto-carmine. Chromosomes were counted from at least five 
well-spread celts Der plant 

Herbicide Application 

To determine herbicide sensitivity of T 0 piants and their progeny, a section of leaf blaae at the 4- to 
5-leaf stage was painted using a cotton swab with 0.25% (v/v) Baste™ solution (starting concentration 
200 g/L phophinothncin. Hoechst AG. Frankfurt. Germany) plus 0.1% Tween 20. Plants were scored 1 
week after herbicide application. 

Polymerase Chain Reaction fPCR) and DNA Blot Hybridization 

Total genomic DNA from leaf tissues was purified as aescnoed by Deliaporta (1993). To test for the 
presence of wtrxh in genomic DNA of putativeiy transformed lines, 250 ng of genomic DNA was 
amplified by PGR using one of two pnmer sets: 

Set 1: 

Wtrxnl (5-ATATCTAGAATGGCGGCGTCGGCGGCGA) (SEQ ID NO:28) and 
Wtrxh2R (5-ATAGAGCTCTTACTGGGCCGCGTGTAG) (SEQ ID NO:29); or 

Set 2: 

Wtrxn4 (5-CC AAG AAGTTCCC AGCTG C ) (SEQ ID NO:32) and 
WtrxhSR (5-ATAGCTGCGACAACCCTGTCGTT) (SEQ ID NC;33). 

The presence of bar was determined using the pnmer set: 

BAR5F (5-CATCGAGACAAGCACGGTCAACTTC3') (SEQ ID NO:34) and 

BAR1R (5-ATATCCGAGCGCCTCGTGCATGCG) (SEQ ID NO:35) (Lemaux et a/.. 1996). 

AmDiifications were oerformed with Tap DNA polymerase (Promega. Madison. Wl) in a 25-uI reaction 
(Cho et aL 1998a-ci. Twenty-five microliters of the PGR proauct with loading dye were subjected to 
electrophoresis in a 1 .0% agarose gel with ethidium bromide ano onotographed using exposure to UV 
iigh:. Presence of 0.4- and 0.14-kb fragments was consistent with intact and truncated wtrxh 
fragments, respectively; an internal C.34-kb fragment was proauced from the oar gene with bar 
pnmers. Homozygous lines for wrrxn were screened oy PGR and western blot analysis in T r or T 3 
Diants. 

For DNA hyoridization analysis. 10 ug of total genomic DNA from leaf tissue of each line was digested 
with Hindlll and Sacl. seoarat a on a 1.0% agarose gel. transferred to Zeta-Probe GT memDrane 
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(Bio-Rad. Hercules. CA) ano hvonaizeo with a radiolabeled wrrx/7-soeafic orobe following the 
manufacturers instructions. The wrrxn-containmg 0.4 kb Xbal-Saci fragment from pDhWTRXN-9 was 
purified oy QIAEX gel extraction kit (QIAGEN. Chatsworth. CA) and iaoeted with ^P-dCTP using 
ranaom pnm rs 

Western Blot Analysis 

Western blot analysis was performed on seeas from selected transgenic lines as well as from control 
oaney seeds from non-transgenic Golaen Promise grown under the same conditions as the transgenic 
plants and from control wheat seeds of a durum wheat cultivar. cv. Monroe, or a breaa wneat cuitivar 
cv. CaDitale. Whole seeas were ground to a fine powder with a mortar and pestle under liquid nitrogen. 
Ten to 2d seeos were used for each samoie: the volume of extraction buffer (50 mM Tris HCl or 
pnosonate buffer, pH 7.8. 0.5 mM pnenyimethyl suifonyl fluoride [PMSF1, 1 mM EDTA) varied from 2 to 
4 ml depending on the number of seeds usea and the viscosity of the extract. Grinding was continued 
for an additional minute after buffer addition; the mixture was then centrifuged at I4,000xg for 10 
minutes and the supernatant solution was saved as the albumin-giobuiin fraction tnat contained the 
thioreooxm. 

SDS-PAGE of the albumin-globulin fraction was performed in 12-17% polyacrylamiae gradient gels at 
pH 8.5 (Laemmfi. 1970). From each sample equal amounts of protein (-40 pg) quantitated according to 
Bradford (1976) were diluted 1:2 v/v in Laemmti samDie buffer, boiled for 3 minutes, loaded onto gels 
-and subjected to eiectroohoresis at a constant current of 15 mA. Proteins were transferred to 
nitrocellulose at a constant voltage of 40 V for 4 hours at 4°C using a Hoefer Transpnor Transfer Unit 
(Alameda. CA). Nitrocellulose was biocKeo with 5% powaered milk in TBS for 2 hours at room 
temperature (RT), incubated in primary antibody for 4 hours at RT and in secondary antibody for 1 
hour at RT. Primary antibody was wheat anti-thioredoxin h II Ab (Johnson ei ai. 1987b) diluted 1 to 
500; secondary antiboay was goat anti-rabbit alkaline phosohatase (Bio-Rad. Hercules CA) diluted 
V.3000. Blots were developed in NBT/BCIP alkaline phosDnatase color reagent (accoramg to Bio-Rad 
instructions;; geis were stained with Coomassie blue to assure transfer. Images were scanned using a 
Bio-Rad GelDoc 1000 (Hercules, CA) ano analyzed using Bio-Rad Multi Analyst, version 1.0.2. All 
bands were scanned over the same area, using a rectangle of comparable density as oackground: 
results were exDressed as % of volume scanned. The number shown reDresents the percent of the 
total volume (pixel density X area of scanned band). 

WTRXh Activity Measurements 
Preparation cf Materials for Extraction, 

Mature grains from various heterozygous and homozygous transgenic lines served as starting 
matenais for tne assay. Heterozygous lines with a D-hordein oromoter were: GPDhBarWtrx-5. 
GPDhBarWtrx-9-1, and GPDhBarWtrx-9-2. Heterozygous lines with a B-hordem promoter and no 
signal seauence were: GPdBhBarWtrx-2. -5, -9. -19 and GPdBhBarWtrx-20. Heterozygous lines with a 
B-noroein Dromoter plus a signal seauence w re: GPdBnssBarWtrx-2. -7, GPdBnssBarWtrx-29. 
GPdBhssBarWtrx-20. GPdBnssBarWtrx-u. GPdBhssBarWtrx-22. Homozygous lines witn a signal 
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sequ nc were: GPdBhssBarWtrx-2- 17. GPdBhssBarWtrx-2-17-v GPdBnssBarWtrx-29-3 and 
GPdBhssBarWtrx-29-3-2. Control materials included a non-transformea tissue culture aenvea line. 
4-96. a transformed line containing only oar. GPBar-l. ana null segregant lines, 
GPdBhssBarWtrx-29-11 and GPdBhssBarWtrx-29-1 1-10. derived from line GPdBhssBarWtrx-29. 

Preparation of (NHJ^SO* Extracts for Gef Filtration 

Approximately fifteen grams of barley grains were ground to powder in a coffee gnnaer ana extracted 
with 80 ml (1:4 w/v) of buffer [(50 mM Tris-HC! Duffer, pH 7.9. 1 mM EDTA. 0.5 mM PMSF 
(phenylmethysulfonyi fluoride)]. 2 mM e-ammo-n caDroic acid, 2 mM benzamidine-HC!) dv stimng for 3 
hrs at 4°C. The slurry plus the nnse was subjected to centrifugation at 25.400xg for 20 min, the 
supernatant solution was decanted througn glass wool, pellets were resuspenaed in a small volume of 
buffer and then clarified by centrifugation as before. The supernatant fractions were combined, an 
aliquot was removeo and the remainder was subjected to acidificatiofi by adjusting the pH from 7.83 to 
4.80 with 2 N formic acid: aenaturea proteins were removed by centrifugation as aoove prior to assay. 
The pH of the acidified supernatant solution was readjusted to 7.91 with 2 N NH.OH and an aliquot 
was removed for assay. Powdered (NH 4 ) 2 S0 4 was added to a final concentration of 30% and the 
sample was stirred for 20 min at 4°C. followed by centrifugation as described aoove. The pellet was 
discarded. Additional (NH 4 ) ? SO< was aaded to bnng the aecanted supernatant solution to 90% 
saturation; the samDie was stirred for 16 hrs at 4°C, followed bv centrifuaation as described above. 

The supernatant solution was discaraea. the 30-90% (NH 4 ),S0 4 pellets were re-suspended in 30 mM 
Tris-HCI. pH 7.9 buffer and then subjected to centrifugation at 40,000xg for 15 min to clarify. The 
resulting supernatant (30-90% (NH 4 ) 2 SO, fraction) was added to dialysis tubing (6.000-8.000 MW 
cut-off) and exposed to solid sucrose at 4°c to obtain a 10-fold reduction in volume. An aiiauot (1 ml) 
of the clarified and concentrated 30-90% (NH 4 ) 3 S0 4 ) samDie was saved and the remaining sample was 
applied to a Dre-eauiiibrated (30 mM Tris-HCI, pH 7.9, 200 mM Had) SeDnadex G-50 superfine 
column (2.5 x 90 cm; M00 mL bed volume) with a penstaltic pump at a flow rate of 0.5 mL/min. Protein 
was eluted with the same Duffer at the same flow rate; one hundred fifty arop-fractions were collected. 
Selected fractions were used to measure aDsoroance.at 280 nm using a Pharmacia Biotech Ultrospec 
4000 ana to assay for TRX/i activity following the NADP-MDH activation Drotocot (see below): Active 
fractions were pooled, storea at4°C. and then assayed for total NADP-MDH activation activity. 

Preparation of Heat-Treated Extracts 

Approximately 10 grams of barley grains were ground to powaer for aoout 30 sec in a coffee gnnder 
and extractea by snaking for 1 hr at room temDerature in 50 mL Duffer as above. The slurry nius the 
nnse was suDjected to centrifugation at 27,000xg for 20 mm and the suDernatant solution decanted 
througn glass wool. A 20 mL aiiauot of each sampie was heatea at 65°C until sample temperature 
reached 60±1°C (-10 mm) The samDie was neld at 6C°C for 10 additional mm, followed by cooling in 
an ice/water bath The cooiea samDie was centnfugea and the supernatant solution was concentrated 
by sucrose as aDove ana storea at -2C°C. Frozen samples were thaweo ana clarified by centrifugation 
at 14,000 rom for 10 mm at 4°c Total TRXh activity was estimated on tne concentrates suoernatam 
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NADP-Maiate D nvdrooenase Activation Assay 

Thioreaoxin h activity was assayeo as previously described (Rorencio et aL, 1988; Johnson er at., 
1987a). Fifty to 120 ul of extract (aeDenaing on activity) was oremcubated with DTT. and C.16 to 0.32 
ul of the pre-incuDation mixture was used for tne NADP-MDH assay. Control assays were conauctec 
on identical fractions in tne aosence of NADP-MDH. Western olot analysts was conaucteo as 
aescriDed aoove except tnat 10 to 20 % SDS-poiyacryiamiae gels were used for electropnoresis and 
transfer to nitrocellulose paper was for 4 hrs at 40 V. 

Sequential Extraction of Multiple Protein Fractions 

Ten grams of baney grain were sequentially extracted for albumin (HUO-soiubie), giODulin (salt-soluble), 
hordeins (aicohoi-soiuble) and gluteiins (Shewry etaL, 1980). Bartey powder was stirred with 0.5 M 
NaCI for 1 h at 25°C to remove salt-soiuble proteins. Two sequential horaein fractions were extracted 
from the resiaue with 50% prooanol in the absence (horaein-l) and presence (hordein-ll) of 2% (v/v) 2- 
mercaotoethanoi. Gluteiins were extracted from the residue with 0.05 M borate buffer, pH 10, 
containing 1% (v/v) 2-mercaotoetnanoi and 1% fv/v) sodium dodecyisuiphate. 

In vitro Monobromobimane (mBBr) Labeling of Proteins 

immature, mature, or germinating seeds from nontransformed and transgenic plants were ground in 
100 mM Tris-HCI buffer, pH 7.S. Reactions were earned out following the protocol of Kobrehel et a/., 
(1992). Seventy microliters of the buffer mixture containing a known amount of protein was either 
untreated or treated with DTT to a final concentration of 0.5 mM. After incubation for 20 mm, 100 nmol 
of mBBr was added, and the reaction was continued for another 15 min. To stop the reaction and 
aenvatize excess mBBr, 10 ul of 10% SDS and 100 pi of 100 mM 2-mercaptoethanoi were added. The 
samples were aoolied to a 15% SDS-PAGE gel. Fluorescence of mBBr was visualized by placing gels 
on a light box fitted with a UV lignt source (365 nm). Protein determination was earned out by the 
Bradford dye binding method (Bradford 1976) using bovine serum albumin or gamma globulin as 
standards. 

Assay of Puiiutanase and its Inhipitor 

To measure Dullulanase activity, gram was germinated in a darn chamber and retained for uo to 5 davs 
at 25°C as aescnoed (Kobrenei er aL 1992.; Lozano er aL 1996.). A set of plates from each line was 
removed for extract preparation eacn aay. Cell-free enaosDerm extracts were prepared from lots of 10- 
20 germmatea grams of eauivalent root and coieoDtiie length within a given cohort. Endosperm was 
separated from tne embryo and otner tissues ana aadea to Tns-HCI buffer (50 mM. pH 7.9) 
suppiementea with 1 mM EDTA and 0.5 mM PMSF (1:3 to 1:6. wt/vol ratio of tissue to buffer 
depending on oeveioomental stage). After gnnding in a mortar on ice. the sample was Clarified by 
centrifugation (10 mm at 24,Q00xg); the suoernatant fraction was recoverea and stored in 0.5-ml 
aiiquots -80°C for pullulanase SDectroonotomemc or aei assays. 
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Pulluianase activiry was aetermined SDectroDnotometricaliy at 37°C by measunng aye reieasea after 
30 mm at 534 nm using rea puiiuian (Megazyme. Bray. Ireland* as suDstrate in 50 mM citrate- 
onospnate buffer (dH 5.2) (Serre el a/., 1990.). Pulluianase also was assayed on native activity geis of 
7.5% acryiamioe, 1.5 mm thickness, containing 1% rea pullulan (Furegon era/.. 1994.). Geis were 
scanned using a Bio-Rad Gel Doc 1000 and analyzed using Bio-Rad multi analyst, version 1.0.2. 
Pulluianase inhibitor activity was determined on fractions neateo to inactivate pulluianase (70°C for 15 
mm) by measunng their ability to inhibit aaaea ourified baney mait pulluianase. Endogenous 
pulluianase activity was shown to be completely eiiminated by this heat-treatment while the inhibitor 
activity was not affected (Macn et a/.. 1993; MacGregor er a/., 1994). 



11 Aloha-Amvtase Activity in Bariev Grain Overex pressing Thioredoxtn h 

Amylase activity from the null segregant and homozygous barley grains was analyzed during 
germination ana eany seedling growth by using gels containing starch. Native poiyacrylamide 
electroDnoresis geis [6% acryiamioe, 1.5 mm thick] were prepared and deveiooeo according to the 
method of Laemmii (1 970) except that SDS was omitted from all solutions. The separating gel 

16 contained 0.5% soluble starch (Lintner potato starch. Sigma Chemical Co.. St. Louis. MO). Lyophilized 
samples were dissolved in distilled HU0 and mixed 1:1 with a buffer consisting of 0.25 M Tris-HCi, pH 
6.8. 50% glycerol, 0.04% bromophenol biue. and 3 mM CaCU. Fifty micrograms of sample protein 
were loaded in eacn iane. Electrophoresis was earned out at 80 miiliamps per gel at 4°C until the dye 
front was at the eage of the gel (usually 4 to 5 hours). After electrophoresis, the geis were incubated in 

21 100 mi of 0.1 M succinate buffer, pH 6.0, for 1-2 hours at 37°C. The gels were then stained for 5 min 
in a solution containing 2.5 mM u and 0.5 M Kl. Gels were washed in distilled H,0. Exceot for the 
white regions containing amylase activity, gels were stained dark blue. 

tsoetectricfocusinQ (IEF) 

26 For determination of aiona-amytase isozyme patterns, extracts from both dry ana germinating grain of 
transformed ana control (untransformed) baney were seoarated by electrophoresis at 4°C [1.0 mm 
thick, pH 3-10 isoelectnc focusing (lEF) poiyacrylamide gels, using the X cell II system (NOVEX. San 
Diego, CA)]. Catnode buffer contained 20 mM argimne, and 20 mM lysine; anode buffer was 7 mM 
phosphoric acic. Samples were mixed 1:1 and 2x IEF sample buffer pH 3-10 (NOVEX). Aftersampie 

31 application (20 pg/iane) geis were developed at constant voltage [100 V for 1 hr, 200 V for an 
additional 1 hr. and 500 V for 30 mm] IEF stanaaras (Bio-Rad) were used to determine the dH 
gradient of the gets. 

Muttipte Antiboov ^robmo of IEF Gets 

36 Western blot analysis of aiona-amylase isozymes was Derformea using a Mini Trans-Blot 

Eiectroohoretic Transfer Cell (Bio-Rad). Seed extracts from tne null segregant and homozygous lines 
overexpressing wneat thioreaoxm h were seoarated by IEF geis as described above. Proteins w re 
transferred to nitrocellulose at a constant voltage oMOO V for 1 nr at 4°C using 0.75% acetic acid as 
blotting buffer. Nitrocellulose was blocKed witn 5% Dowoerea milk in Tns buffer solution (20 mM Tns- 

41 HC1. oH 7.5. suddi m nteo witn 0.15 M NaC!) for 1 hr at room temperature. incuDated with pnmary 



80 



+ 



WO 00/58352 PCT/US00/08566 

antiboay for 4 hours at room temperature and then with secondary antibody for * hour at room 
temperature. Pnmary antiboay was anti-barley alpha-amyiase B diluted 1:1000; secondary antiooay 
was goat anti-rabbit alkaline phosphatase (Bio-Rad) diluted 1 :3000. Btots were developed in 
NBT/BCIP alkaline pnosonatase color reagent (according to Bio-Rad instructions) thereby rendenng 
the cross-reacted aloha-amyiase biuisn-puroie. To achieve full identity of isozyme pattern, blots were 
probed a second time with another pnmary antibody, anti-alpha-amyiase A (diluted 1:1000) and the 
secondary antibody (as above). This time blots were aeveiooed in Napnthol Phospnate/Fast Red 
alkaline pnospnatase cotor reagent (according to Bio-Rad instructions) which gave a pink stain to the 
atpha-amyiase A. The blot shown was subject to this dual probing procedure. 
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B. Results and Discussion 

Production of Transgenic Plants 

One day after bomoarament, the whole emoryos were transferred onto DC medium with 5 mg/L 
biataphos. At transfer to the second selection plate (5 mg/L bialaphos), all material from individual 
caliusing embryos was oroken into small pieces (2-4 mm; using forceps and maintained separately. 
During the subsequent two to five selection passages on 5 mg/L bialaphos (at 10- 20 d intervals), 
callus pieces snowing evidence of more vigorous growth were transferred to new selection plates. 
During the second round of selection, some pieces of callus were inhibited in arowth and in some 
cases pieces turned brown. In general, transformed tissues were observed after three or more rounds 
of selection. The bialaphos-resistant tissues were transferred onto an intermediate medium, DBC2 or 
DBC3 (Cho etaL, 1998a-c) with bialaphos (5mg/L), and grown for 1 to 2 months before regeneration 
on FHG medium containing 3 mg/L biatapnos. Green plantlets were transferred into Magenta boxes 
containing 3 mg/L bialaphos. Twenty-eight independent putativeiy transformed, regenerable lines were 
proauced after biaiaonos selection (shown in Table 3). 
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Table 3. Transgenic Barley Lines Transformed with Wheat Thioredoxin n Gene. 



Piasmids for 
Bomoardment 


Transgenic Barley Line 


DNA PGR 
(T e leaf) 






bar 


wtrxh 


TRXft Exoression 
in T, seeas 


Ploidy 


Comments 


j pdBhWTRXN-1 


GPdBhBarWTRX- 1 




+ 


n.d. 


TetraDioid j 


I 


GPdBhBarWTRX-2 




4- 




TetraDioid | 




GPdBhBarWTRX-3 j * 




* | Diploic 






GPdBhBarWTRX- 5 


I 




Tetraptoid 


Sterile 




! GPdBhBarWTRX-16 






n.a. 


TetraDioid 






GPdBhBarWTRX-17 


j n.d. 


Tetraoloid 





^1 
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GPdBhBarWTRX- 19 



Dioloid 



GPdBhBarWTRX-20 



Diploid 



GPdBhBarWTRX-22 



DiDloid 



GPdBhBarWTRX-22 



Diolotd 
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DdBhSSWTRXN^fl j 
; -DAHC20 

i 


GPdBhssBarWTRX- 1 


* j - | - j DiDioid j 


GPdBnssBarWTRX-2 | - | - 


[ Diototd ! Homozygous 


1 " '" 

1 


GPdBhssBarWTRX-3 


it I ' 

* j - | • j OiDIOlO j 




GPdBhssBarWTRX-7 


4- 4- 


Diploid j 




GPdBhssBarWTRX-9 




+ 1 n.d. Tetraoloid 

i 1 






GPdBhssBarWTRX- 1 1 


4- -t- 


| Diploid 






GPdBhssBarWTRX- 1 3 


• ! - 


+ 


Tetraploid 






GPdBhssBarWTRX-14 






4- 


Diploid | 




GPdBhssBarWTRX-20 


- 1 * 


4* 


Tetraoloid 






GPdBhssBarWTRX -21 






n.d. 


Tetraoloid j Sterile 




GPdBhssBarWTRX-22 




+ 




Tetraoloid 






GPdBhssBarWTRX-29 






+ | Diploid { Homozygous 


pDhWTRXN-2 
* DAHC20 

t 


GPDhBarWTRX-5 




4- 


+ 


Tetraploid 1 


GPDhBarWTRX-7 




j Dipioid j 


t 

i 


GPDhBarWTRX-8 


+ 1 " 




Diploic 






GPDBhBarWTRX-9 | - | + 


+ | Diploid 


Homozygous 




GPDBhBarWTRX-22 j + 


4- 




Diploid 


Sterile 


pGlbWTRXN-1 
+ pAHC20 


GPGibBarWTRX-1 


J 




Diploid 
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"n.d.: not determined 
Anaivsts of T r . Plants and their Progeny 

PCR analysis was performed using two sets of WTRXh pnmers and one set of BAR pnmers (see 
Figure 6). PCR amplification resulted in 0.4-kb intact wtrxh or 0.14kb truncated wtrxh and 0.34-kb 
internal bar fragments from transgenic itnes. Of the 28 lines tested. 28 yielded bar fragments from T 0 
leaf tissue and 26 produced PCRnamplified fragments for wtrxh, giving a 93% co-transformation 
frequency, Nine lines were transformed with pdBhWTRXN-1 , eleven with pdBhssWTRXN-8. five with 
pDhWTRXN-2 and one with pG1bVVTRXN-1 (see Table 2). Three lines (GPdBhBarWtrx-5, 
GPdBhssBarWtrx-21 and GPDhBarWtrx-22) were sterile. Seeas of* plants and their progeny from 
selected wrrxn-posmve tines were .oiamed in order to screen for homozygous lines. Homozygous lines 
and null segregants were obtained from GPdBhssBarWtrx-2. -29 and GPDhBarWtrx-9 (see Table 2). 
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Cytoiogical Analysis of Transgenic Plants 

Chromosomes were counted in root meristem cells of indepenoently transformed T 0 barley plants. Out 
of 28 maepenaent transgenic iines examined. 17 lines nad the norma! oipiotd chromosome 
complement t '2n=2x=i4), while the remaining 11 lines were tetraploid (2n=4x=28) (see Table 2). 



Characterization and Content of WTRXh Produced tn Transgenic Seetf 

As discussed above, several stably transformed barley tines were obtained that express wneat 
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thioreaoxin n. As seen in Figure 7. the stable introduction of the wtrxh linked to the B1-hordein 
promoter with tne signal peotiae sequence resulted in greatly ennanced expression of active WTRXh in 
transaenic banev seec. 

Analysis by western biot of soluble protein fractions of the three lines in which the thioredoxin gene 
was linked to a signal seauence (GPdBhssBarWtrx-22. GPdBhssBarWtrx-29 and GPdBhssBarWtrx-7) 
showed differences in tne level of expression (shown in Table 3). Line GPdBhssBarWtrx-22, 
GPdBhssBarWtrx-29 and GPdBhssBarWtrx-7, respectively, snowed 22 times, 10 times and 5.5 times 
more WTRXh protein than nomransformed control seeds. The analyses showed that the thioredoxin 
content of the null segregam (GPdBhssBarWtrx-29-11) was approximately half that of the 
corresponding control. The three lines generated from the construct in which the thioredoxin gene was 
not associated with a signal sequence were atso compared to nomransformed control barley seed and 
they exhibited the following increases in TRXh levels as indicated by the western blot analyses: 
GPDhBarWtrx-9: 12 times: GPDhBarWtrx-5: 6.3 times; GPdBhBarWtrx-2: 6.4 times. When probed on 
Western Blots, tne transgenic lines show two oands while the control barley generaly shows only one 
and in some cases a second minor band. Furthermore, the tissues from the transgenic lines were 
characterized by a oand that did not correspond to either of the bahey bands but did correspond to 
wheat thioreaoxin h. These data indicate that the protein introduced by transformation is wheat 
thioredoxin h. 



Table 3. Western Blot Analyses of Overexpression of Wheat Thioredoxin h in Barley. 



Barley Line 


% Volume Scanned 


Fold Increase 
(or Decrease) 


Non-Transformed Control: 
Golden Promise 


1.46 


1.0 


Transformed with Signal Seauence: 
GPdBhssBarWtrx-22 
GodBhssBarWtrx-29 
GpdBhssBarWtrx-7 


32.44 
14.62 
7.99 


22 
10 
5.5 


Transformed without Signal Sequence: 
GPDhBarWtrx-9 w 
GPDhBarWtrx-5 
GPdBhBarWtrx-2 


17.69 

9.20 

9.29 


12 
6.3 

6.4 I 


| Null Segregant 

[ GPdBhssBarWtrx-29-11-10 

! 


0.93 


! (0.64) 


The Wheat tntoreaoxin h m Bahev Gratns ts Biotoaicailv Active 



Because of interference from otner enzymes that oxidize NADPH, the activity of TRXh cannot be 
accurately assayed in cruoe extracts, thereby necessitating its partial purification. Partially purified 
extracts of tne different transgenic and control lines were prepared from 15 grams of seed using 
ammonium sulfate fractionation ana gel filtration cnromatagraohy. Activity was measured with an 
NADP-MDH activation assay Profiles oasea on these assays snow tnat the activity of TRXh in tne 
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transformea seea is mucn hignerthan in the nontransformea control (see Figure 7). Tne activity results 
are summarized in Table 4 . 

Total WTRXh activiry from the seeas of two lines transformea with the Bi-horaein promoter and the 
signal sequence (GPBhssBarWtrx-3: GPdBhssBarWtnc-29) is about 4- to 10- fold higher, respectively, 
than that of control, nontransformed seed. Total activity from a line transformea with the D-horoetn 
promoter without the signal seauence (BG?DhBbarWtn<-5) is oniy shghtly higher (1.25-fold) than tnat 
of the nontransformea control tsee Table 4). In the transgenics, the SDecific activity of thioredoxtn is 
generally about 0.128 A MOrm /rn\nimg protein or aoout two fold over null segregants. 



Table 4 Summary of Total Buffer-Extracted Protein and Total Thioredoxin Activity from Active Fraction 
after Gel Filtration. 



Baney Line j Total Protein, mg 


Total Activity, A^o/min | SDecific Activity, Aj^min/mg 


I Control (GP 4-96) ! 102.6(1.00)* 


7.4 (1.00)* 


0.064 n.oor 


GPDhBarWtrx-5 


171.2(1.67) | 9.2(1.2) 


0.054 (0.8) 


GodBnssBarWtrx-2B | 149.1 (1.45) 


72.0 (97) 


0.483 (7.5) 


GpdBhssBarWtrx-3 


231 .3 (2.25) 


27,7 (6.4) 


0.794 (12.4) 



*Numoers in brackets are fold increase over that of the control. 



The transformed barley grains analyzed . so far appear to have more total buffer-extracted protein than 
control, nontransformed seed (Table 4). 

The transformed grains have a thioredoxin content of at least about 10-15 ug thioreaoxin/mg soluble 
proteiniaDout 2-8 pg thioreaoxin/mg tissue) or about two-fold higher tnan the null segregant. 

Because of the tediousness of the (NH d ) 2 S0 4 proceaure and the requirement for targe quantities of 
seed, the ongmal extraction Drocedure was modified to incluae a heat treatment step. This change was 
based on the fact that £ coii WTRXh is stable after treatment at 60°C for 10 mm (Mark and 
Ricnarason. 1976). Results on WTRX from two different transgenic baney seeds (GPdBhBarWtrx-3, 
GPdBhssBarWtr-29) showed no significant difference in activity between the heat treated and non-heat 
treated extracts (Figure 8). In addition heat-treatment Decreased the endogenous, nonspecific activity 
in this assay, thereby increasing the reliability of the measurements. 

Ten different barley lines (transformea ana nontransformed) were extracted using the heat-treatment 
step ana assayea witn tne NADP-MDH assay; the results are summarized in Taole 5. In general, total 
WTRXh activities in seeas from lines transrormed witn tne B-hordein promoter ana signal sequence 
linked to wtrxh are mucn higner (4. to 35-foid) than in seeas from lines transformea with tne same 
Dromoter witnout signal sequence linked to wtrxh or in seeds from the nontransformed control (Table 
5). At tnis oomt it is not known wnetner all expressec wneat WTRXh in oartey seeds is neat stable. 
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Taole 5. Relative Total Thioreaoxm Activity in Different Transgenic Baney Lin s. 



PCT/USOO/08566 



Line Designation | 


Total Protein (%) I 


Total Activity ( % i 


Specific Activity (%) 


Non-iransyenic tuiinui 
GP4-96 


100 


100 


100 


Par rzpnp Onlv 

Del \3CI IC winy 










si. 


120 


131 


Without Signai Sequence 








GPdBhBarWtrx-1 


101 


192 


190 


GPdBhBarWrrx-22 


113 


151 


133 


GPdBhBarWtrx-23 


118 


180 


153 


With Signal Seauence 








GPdBhssBarWtrx-2 


137 


1650 


1203 


GPdBhssBarWtrx-14 


122 


1723 


1418 


GPdBhssBarWtrx-20 


147 


440 


299 


GPdBhssBarWtrx-22 


154 


3470 


2245 


GPdBhssBanWtoc-29 


108 


1316 


1219 



16 



One hunorea percent of (a) total protein, mg; (b) total activity, nmol/mtn: and (c) specific activity, 
nmoiymin/mg protein of the non-transgentc control are: (a) 1 16.4; (b) 157.38 (c) 1.52. respectively. 



21 



26 



Of the staoty transformed iines that expressed wneat thioreaoxm h, on average, its level was found to 
be higher in transformants that had the signal peptide-containing constructs than to those that did not 
(Table 5). Western blot analysis of soluble protein fractions from heterozygous mixtures of seeds from 
three of the iines. GPdBhssBarWtrx-7, GPdBhssBarWtrx-29. and GPdBhssBarWtrx-22 showed 5.5 
times, 22 times, and 10 times more thioredoxin h t respectively, than nontransformed control grain 
(Table 3). The thioredoxin content of the null segregant (GPdBhssBarWtrx-29-1 1-10) was about half 
that of the corresDonding, nontransformed control. 



Extracts from bariey typically showed one immunologically reactive band (identified by B in Figure 9A, 
lanes 1 and 6) but in some transfers showed a second faint, faster moving band (Figure 9B, lane 2). 
Tissues from transgenic lines overexpressing wtrxh were characterized by a band that did not 

31 correspond to eitner of the two counterparts in baney, but rather to thioredoxin h from wheat The 
difference between the overexpressed 13.5-kDa wneat and the endogenous 13.1-KDa bartey " 
thioreaoxin h is particutany pronounced in the bariey line transformed with the nontargeted thioredoxin 
h gene (Figure 9A, line 5 and Figure 9B. lane 1 ) Repeated analyses of the vanous transgenic iines by 
SDS/PAGE led to the conclusion that the band identified in Figures 9A-B by W corresponds to the 

36 bread wheat wtrxh introauced by bariey Inaeoendent biochemical assays with 5.5'-dithiobis(2- 

nitroDenzoic acid) (DTNB) (Florencio er a/., 1988.) confirmed tne ability of bariey NTR to reduce wheat 
thioreaoxin h (aata not snown). 

Because of their value in assessing biochemical attributes of the grain, homozygous wtrxh lines were 
41 iaentifiea ana analyzed by Western blot. The two lines identified as homozygous showed both 
enhancea expression of thioreaoxin ft relative to that of their heierozyaous parents and 
nontransformea controls. Analysts of GPdBhssBarWtrx-29-3 is snown tn Figure 10. It is noted that 
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1 demonstration or tne thioreaoxin n present in the nontransgenic control ana null segregant grains (not 
apparent in tne exposure snown in Figure 91 reouired conditions that led to ov rexoosure of tne 
enncned transgenic oreDarations. Thioreaoxin in the parent h terozygous grain was snown to be 
Diocnemicaliy active. 

6 Pufiwanase and Puliuianase inhibitor Activity in Barley Gram Overexpressmc Thioredoxin h 

Puliuianase is an amyioiytic enzyme present in cereat grain, which has a disulfide inhibitor protein 
(Macn er a/., 1993.; MacGregor et ai. 1994.), tne activity of wnich is linked to thioreaoxin (Wong er a/.. 
1995.)- Thioredoxin reduced by NADPH via NTR, reduces the disulfide bonds of the inhibitor, allowing 
the targeted puliuianase enzyme to oe active. Because of this relationship, it was of interest to 
1 1 determine the activity of puliuianase in the thioredoxin n-overexpressing transformants. 

Soectroonotomeinc assays (Figure 13A) of extracts from transformed grain of a homozygous line 
(GPdBhssBarWtrx-29-3) overexoressmg thioreaoxin h showed a 3- to 4-fold increase in pullutanase 
activity on the fifth aay after initiation of germination relative to its null segregant. Confirmatory results 

16 were ootained in a separate experiment with native activity gets. The increase in activity was apparent 
either wnen geis were viewed directly (Figure 13B) or when tne activity on the geis was assessed by 
scanning and integrating the clarified bands (Figure 13C). A nomozygous fine isolated from a different 
independent transformation event (GPdBssBarWtrx-2-1-15) showed a similar response (data not 
snown) The transgenic plants expressed an puliuianase activity of about 1-2 Absoroance units at 534 

21 nm/30 min/mg protein, which is about two-fold higher than nuii segregants. 

Pullutanase inhibitor activity was aeterminea on fractions neated to inactivate pullutanase (70°C for 15 
mm) Dy measunng tne inhibition of the fractions on addea purified barley matt puliuianase. The 
enaogenous puliuianase activity was shown to be completely eliminated by this heat treatment 

26 wnereas inhibitor activity was not affected (Macn er a/., supra: MacGregor er a/., supra). Analysts of 
comparable grain extracts revealed that the puliuianase inhibitor was inactive on the fourth and fifth 
days after water addition in both the transformant and null segregants. These results thus 
demonstrate that the increase in puliuianase activity observed after the third day is not caused by 
enhanced inactivation of the inhibitor in the transgenic grain. It is Dossibie that thioredoxin acts either 

31 py increasing tne ae novo synthesis of puliuianase (Hardie et ai., 1975.) or by lowenng the binding of 
the mature enzyme to the starcny endosoerm. There is eviaence that some of the oullulanase of the 
mature endosoerm is present in bound form ana can be solubiiized by reaucing conditions (Sissons et 
a/., 1993.; Sissons eta!.. 1994.). 

36 Alona-Am viase Activity m Bariev Gram Overexpressmp Thioreooxtn h 

Alpna-amytase. also an amyloiytic enzyme mat is induced Dy giboereliic acid like puliuianase, has long 
peen considered key to germination. The synthesis of tne major (B) ano minor (A) forms of this 
enzyme are Known to be tnggered by the hormone, giboereliic acid (GAl In addition, aloha-amylase 
activity is increased tn vitro by tne reductive inactivation of its disulfioe mnioitor protein oy truoredoxm h 

41 (in the presence of NADPH and NADP-thioreaoxtn reaucias ). The present results with transformed 
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bartey seeds snow mat. like puliuianase. tnioreaoxin n exoression alters aiona-amytase activity, in 
mis case, tne aopearance of tne enzyme aunng germination is acceieratea ana its aounaance anc 
activity are increaseo. 

Figure 14A-D snows the eany increase in both the abundance and activity of alpna-amyiase f A + E 
forms \ aunng gemination ana seedling development. Based on the antibody response in western 
blots, aiona-amyiase was first aetected 3 days after the onset of germination in tne transgenic gram 
Figure 14C) wnereas the enzyme did not appear until the fourth day in the null segregant (Figure 14A). 
The onset of activity (based on the activity gel) followed a similar pattern (Figure 14B and Figure 14D). 
The mobility of the enzyme in the activity gel also reflected the early induction of activity in the 
transgenic grain (Figure 15). That much of this increase in activity seen early on was due to the^B (a 
gibDerellic acid-iinked form) is supported by Figure 16. Here, one can also see that the level of the 
minor A form of the enzyme (also gibberellic add aepenaent) was increased in grain overexpressing 
thioredoxin h. Again, the appearance of significant levels of the major (B form) atpha-amytase enzyme 
was advanced by 1 day. 

Germmauon ofBariev Grams Overexpressing Thioretioxin h 

All operations were carried out at 25°C (unless otherwise specified beiow) under conditions described 
by Kobrehel et a/. 1992 and Lozano et al. 1996. Grains were surface sterilized by continuous stirring in 
C.25% bieacn for 30 min. Bleach was removed by extensive washing with sterilized distilled water. 
Thirty sterilized null segregant (GPdBhssBarWtrx-29-22-1 0 , in wnicn the transgene was removed by 
crossing with a self-poiinated plant from the same line) and thirty sterilized homozygous 
(GPdBhssBarWtrx-29-3) seeas were placed in each of a series of plastic Petri dishes (12.5 cm 
diameter) fitted with three layers of Whatman #1 filter paper moistened with 15 ml sterile distilled water. 
Plates were wrapped with aluminum foil ana grain was germinated in a aark chamber at 20°C for up to 
7 days. One plate was reaa at each time point snown in Figure 17. Percent germination, in the first 
day (from the start of incubanon up to 24 hours), was determined by ODserving the emergence of the 
radicle. On the suDsequent days, percent germination represents seediing growth as determined by 
measuring the length of cotecmile and roots of the germinated grains. 

The results, snown in Figure 17, indicate that germination in transgenic bartey overexpressing wheat 
thioreaoxin h is detected about 16 hours after tne onset of incubation in about 25-30% of the seeds. In 
contras;. no germination in the null segregant was detected at 16 hours but is first aetected 8 hours 
later, on Day 1 . Therefore, in the transgenic germination is advanceo about 8 hours. However, on Day 
1 germination was detectea in approximately 70% or aoout twice the number of transgenic grains in 
comoanson to tneir null segregant counteroarts. It is interesting to note that the onset of germination in 
tne transgenics parallels tne onset of the aetection of aiDha amylase as snown in Figure 15. 

Sequential Extraction of Gram Proteins from Transgenic Bartey Grains . 

isolated enaosperm from 10 ary grains or seedlings (germinatea as aescnbed above I were grouna 
w«n mortar ano oestie at 4°C with 2 mi Tris-HCl Duffer as maicated below. The separate mixtures of 
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nomozygous GPdBhssBarWtrx-29-3 and null segregant GPdBhssBarWtrx-25-22-10 grams were 
placed in a 5-mi screw-top centrifuge tuDe. Grains were mechanically shaK n for 30 minutes and then 
centrifuged for 10 mm at 24.000 x c. The supernatant fraction (buffer-soluble) was decanted and saved 
for analysis and the resiaue was extracted seauentially witn the following solvents for the indicated 
times: [1] 0.5 M NaC! (30 mm); [2] water (30 mm); [3] 2 x 50% proDanol (2 hr); [4] 2 x 50% prooanol + 
2% 2-mercaotoethanol (MET) (2 hr); and [5] 0.5 M borate buffer. pH 10. containing 1% SDS and 2% 
2-mercaotoethanoi (2 hr). Supernatant fractions of all extracts were determined for volume and protein 
content (by Coomassie dye oinding method), then were stored at -20°C until use. By convention, the 
fractions are designated: [1] albumin/globulin (buffer/salt/water); [2] Hordein l (prooanol); [3] Horaem l) 
(prooanol + MET); and j4] glutelm (Borate/SDS/MET) (Shewry er ai. t 1980). These fractions were used 
to determine, protein content, the distribution of proteins between the water soluble ond insoluble 
fractions, the total extractable protein, and reduction with NADPH. 



To determine the in vivo redox status of protein from transgenic barley grain dunng germination and 
seedimg development, the extraction oroceaure was repeated except that 2 mM mBBr was included in 
the Tns grinding buffer and the gnnding was under iiouid nitrogen. The mBBr derivatized proteins were 
electroDnoresea on SDS-poiyacrvlamide gels (1.5 mm thickness. 10 - 20% gels, pH 8.5 (Laemmli, 
1970). Geis were developed for 16 hr at a constant current of 8 mA. Following electrophoresis, gels 
were otaced in 12% (w/v) trichloroacetic acid and soaked for 4 to 6 hr with one change of solution to fix 
the proteins; geis were then transferred to a solution of 40% methanol/10% acetic acid for 8 to 10 hr 
with agitation to remove residuai mBBr. The fluorescence of mBBr (both free and protein bound mBBr), 
was visualized Dy placing geis on a light box fitted with an ultraviolet light source (365 nm). Following 
removai of the excess (free) mBBr. images of gels were captured by Gel Doc 1000 (Bio-Rad). 

To ascertain the equivalent protein amount of loaded extracts, SDS-oeis were stained with Coomassie 
Brilliant Blue G-250 in 10% acetic acid for 30 mm, and oestained in 10% acetic acid for 30 mm with the 
aid of a microwave oven. Protein stained geis were captured by Gel Doc 1000 as above. 

The auantification of fluorescence (pixel x mm x mm) and protein (optical density x mm x mm) on gels 
were earned out oy a software program for image analysis - Multi-Anatyst. version 1.0 (Bio-Rad). 
Relative reduction was expressed as the ratio of fluorescence to protein. 

The results of two exoenments snown m Table 6. Table 7. and Taoie 8 demonstrate an increase in tne 
totai orotem on a percent grain and a percent weight basis in tne transgenic oaney as compared to the 
null segregant. The transgenic have a tmoredoxin content that is at least two-foid higner (10-15 pg/nng 
soiuoie Drotein. 2-8ug/gram tissue) tnan the nuii segregant. The data indicate that this increase in total 
extractable protein is tne result in redistribution of the protein to the most soluble albumtn/giobulin 
fraction. The reaistnbution of tne protein to tne soluble fraction increase in tne transgenics is at least 
5% higner than tne controls. 
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Table 6. Protein Content of Various Fractions m Transgenic Baney Grain Overexpressing Wheat 
Thioreooxin h 



Exoenment r 




Null Segregant 


Homozygous 


Protein Fraction 


mg/seed 


mg/gram 


mg/seed 


mg/gram 


Albumin/Globulin 


0.462 


12.25 


0.546 


13.58 


Hordein ! . 


0.239 


6.34 


0.322 


8.01 


Hordein It 


0.136 | 3.61 


0.094 


2.34 


Gtutelin 


0.110 


| 2.92 


0.097 


2.41 


Total Extractable Protein 


0.947 


25.12 


1,059 


26.34 



•Weigh: per 10 seeas is 0.377 and 0.402 full null segregant and homozygous line of transgenic 
bartev 



Table 7.. Protein Content of Various Fractions in Transgenic Barley Grain Overexpressing Wheat 
Thioreaoxin h 



Experiment If 




Null Segregant 


Homozygous 


Protein Fraction 


mg/seed 


mg/gram 


mg/seed 


mg/gram 


Albumin/Globulin 


0.691 | 20.03 


1.044 


27.12 


Hordein 1 


0.373 j 10.81 


0.368 


10.03 


Horoein i! 


0.254 | 7.36 | 0.240 


6.23 


Giutelin 


0.066 


1.91 


0.062 


1.61 


Total Extractabie Protein 


1.384 


40.11 


1.732 


44.99 



•Weignt per 10 seeas is 0.377 and 0.402 for null segregant and homozygous line of transgenic 
baney 



Table E. Percent increase of Extractable Protein in Homozygous Line 







% / grain basis j 


% / mass basis 


Expenment I 




12 ! 


4.9 


Exoenment II 


25 


12 



Analysis of the relative redox status (SH:SS) of protein fractions in transgenic ana null segregant 
bartev grains dunng germination and as dry grains are snown in Figure 18. In dry transgenic grain, the 
greatest increase in reouction relative to the null segregant was observed in tne hordein I traction. This 
increase was Daraiieied by decreases in the relative redox status in the noraein II and giutelin fractions 
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i wnile the relative reaox status of the alDumin/gioouiin fraction was unchanged. The relative reaox 
status cf the transaenic in comoanson to the nui! seareaant is at least 5: 1 . 

During germination, tne alDumin/gioouiin fraction progressively increases, reaching a relative reaox 
ratio of aoout 1 .5 on Day a. The relative reaox status of the nordem II and glutelin fractions also 
6 increased dunng germination but only reacned parity with the null segregant. In contrast the relative 
redox status of tne nordem I fraction was highly vanable. 

Example 4 

Banev Thioredoxin h Gene (btnch) Transformation 

1 1 Materials and Methods 

Plant Material and Culture ofExotants 

Mature seeds of nee {Oryza sativa L cv. Taipei 309) were surface-sterilized for 20 min in 20%(v/v) 
bleach (5.25% sodium hypochlorite) followed by 3 washes in sterile water. The seeds were placed on 2 
different NB (Chen L et al. (1998) Plant Cell Rep 18: 25-31)-based calius-inauction media; (1) 

16 NBD'BC2 medium containing 2.0 mg/L 2 AD. 0.1 mg/L BAP and 0.5 uM CuSO, (Cho M.-J.. 

unpublisned). (2) NBDBC3 meaium containing 1.0 mg/L 2.4-D, 0.5 mg/L BAP and 5.0 pM CuSC« (Cho 
M.-J.. unpublished). Five to 7 d after plating, germinating shoots and roots from the mature seeds were 
completely removed by manual excision. After three weeks of incubation at 24+1 *C under dim-light 
conditions (approximately 10 to 30 \iEm z s\ 16 Might), tissues with shiny, nodular and compact 

21 structures were selected and subsequently maintained on NBDBC4 medium containing 0.5 mg/L 
2,4-D. 2.0 mg/L BAP and 5.0 pM CuS0 4 (Cho M.-J., unpublished), subculturing at 3 to 4 week 
intervals, to proliferate highly regenerative, green tissues. 

Construction of a Banev Thioredoxin h Exp ression Vector and DNA Sequencing 
25 pdBhssBTRXN t Km )-2 (Cho M.-J., unpublisned): the chimenc DNA construct containing the B r horaein 
promoter-signal seauence-brrxr* (baney thioredoxin h gene) was obtained using a modified method of 
site-directed mutagenesis oy PGR (Cho and Lemaux 1997). The four-primer strategy was used to 
proauce 2 major PGR proaucts. Pnmers, Bhor7 (^GTAMGCnTAACAACCCACACATTG^: SEQ 
ID N0:41) containing H/ndlll restnetion site and BhorssBtrx2R 

(5-CGCCGTTGCCGACGCCGCTGCAATCGTACTTGTTGCCGCAAT-3': SEQ ID NO:42), were used 
for amplification of 0.49-kb B.-nordein 5' region including the B.-hordein signal peptide sequence using 
the A2-4/H/ndII! Diasmid containing genomic clone of B.-hordein (Brandt era/.. 1985: Cho era/.. 1997) 
as a template. Tne pnmer BhorssBtrx2R is an overlapping pnmer containing the btnch coding 
seauence (italicized) ana a partial signal peotioe sequence from the B. -noraem promoter witnout the 
ATG initiation coaon fororrx* The second PGR product was amolifiea using pnmers. BorssBtrx4 
(5 -ACAAGT AC GATTGCAGCGGCGTCGGC/i A CGGC-3'; SEQ ID NO:43) and Btrxh2R 
(atagaactcTTACTGGGCCGCCGCGTG; SEQ ID NO:44); cDNA clone containing btrxh (Caillau, de! 
Val. Cho. Lemaux and Bucnanan. unpublished) was used as template. The second set of PCR 
reactions was produced 0.86-kb chimenc fragments using two PCR-amplif,ed fragments (each diluted 
50 times) and two external primers. Bhor7 and Btrx2R. 
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1 pdBhssBTRXN(Km)-2 was made by replacing the maize ubiautin Dromoter in pUbilNosKmf(-) with the 
0.86-kb PCR-amDiifiea Htn6\\USac\ fragment containing BJ-hordein promoter with its signal peptide 
seauence Dius btrxh. Thus, construct odBhssBTRXN(Km)-2 contains the bariey enoosperm-soecific 
B,-hordein Dromoter with its signal peptide sequence, btrxh ana nos. The signal peptide seauence 
containina the ATG initiation coaon was directly comDined with tne seauence of the btrxh gene, without 

6 having extra amino acid seauences between tne two. in order to make oartey thioreaoxin h protein 

provide a precise cleavage site in the lumen of endoplasmic reticulum (ER). The PCR-amplified region 
of the construe: was further confirmed by DNA sequencing, and used for stable transformation of nee. 

Stable Transformation 

1 1 Approximately 4- to 5-month-old highly regenerative cultures maintained on NBDBC4 medium were 

used for bombarament Tissue pieces (3-4 mm) were transferred for osmotic pretreatment to NBDBC4 
medium containing mannitoi and sorbitol (0.2 M each). Four hours after treatment with osmoticum, 
tissues were bombarded as previously described (Lemaux et at. 1996; Cho et al. 1998). Gold particles 
(1.0 pm), coatea with 25 pg of a mixture of pActKHPT-4 and pdBhssBTRXN(Km)~2 at a molar ratio of 

16 1:2 were used for bombarament with a Bio-Rad PDS- 1000 He bioiistic device (Bio-Rao, Hercuies, CA) 
at 9Q0 or 1100 psi. Sixteen to 18 h after bomDarament, tissues were placed on osmoticum-free 
NBDBC4 medium supplemented with 20 mg/L hygromycin B and grown at 24±1*C under dim-iight 
(10-30 pEnr*s ''). From the third round of selection onward, tissues were subcultured at 3- to 4-week 
intervals on NBDBC4 meoium containing 30 mg/L hygromycin E. When a sufficient amount (a plate) of 

21 the putativety transformed highly regenerative tissue was obtained, it was piated on NBNBC4 medium 
containing 0.5 mg/L NAA. 2.0 mg/L BAP and 5.0 pM CuSO< (Cho M.-J., unpublished) and exposed to 
higher intensity light (approximately 45-55 gEm**s Green shoots were then transferred to Magenta 
boxes containing phytohormone-free regeneration medium [MS (Murasnige and Skoog (1962) Physiol. 
Plant 15:473-497) plus 20 g/L sucrose) with 10 to 20 mg/L hygromycin B. After four weeks, 

26 regenerated oiantiets were transferred to soil. 

Genomic DNA Isolation. Polymerase Chain Reaction (PCR) 

Putative transgenic tines were screened by DNA PCR using two a set of btrxh primers, BtrxhS (5- 
C C AAG AAGTTC C C AAATG C-3* ; SEQ ID NO:45) and Btrxh2R. PCR amplification resulted in 0.19-kb 
31 intact btrxh from transgenic iines. One fifrxn-positive line (OSHptBTRX-j) was obtained. Amplifications 
were performed in a 25-ul reaction with Tag DNA polymerase (Promega,Madison. 
Wl) as described (Cho ef al. 1998). 

Example 5 

36 Barlev NTR Gene (bntr) Transformation 

NADP/thioreaoxin system (NTS), is analogous to the system established for animals and most 
microorganisms, in which thioreaoxin (/?-type in oiants) is reducea Dy NADPH and NADP-thioredoxin 
reductase (NTR) (Johnson era/., 1987a: Florencio ef a/.. 1988: SusKe ef a/., 1979). Without being 
41 bound by tneory. the NTR aDDears to oe a limiting factor for NTS. Therefore, we isolated oartey nfr 
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gene from Daney cDNA Horary (Cho, Lemaux and Bucnanan. unoubusriecn and introauce this gene into 
barley, wneat. ana nee Diants. 

Construction of a Baney NTR Expression Vector and DNA Sequencing 

pActilBNTRN-4 (Cho M.-J.. unoubhshed): pActilBNTRN-4 was made by Itgating the PCR-amplifiea 
Xbal/Kpn\ fragment containing Darley nrr cDNA seauence. Pnmers. BNTR29 
f5 1 attcraQaA TGGAGGGATCCGCCGCGGCGCCGCT C-3': SEQ ID NO:46) and BNTR23R (5'- 
ttnatacc TCAATCAGACTTGCCCACCTGT -3': SEQ ID NO:47). were used for amplification of the 
1.012-Kb Xba\IKpn\ fragment containing 0.996-Kb baney ntr coding seauence; small letters contain a 
restnction enzyme site for subcloning of the DNA construct containing barley nrr gene ana unaeriined 
letters indicate the barley ntr sequences. The barley nrr fragment was purified from a 0.7% agarose gel 
using QIAquick® gei extraction kit, digested with Xbal and Konl and iigated into Xbal/Konl-digested 
pAct1INosKmf(-) to generate the pActiIBNTRN-4 piasmid. Nucleotide sequences of the PCR-amplified 
barley ntr coding region were determined by DNA sequencing. 

Baney ntr exoression vectors driven by Daney endosperm-soecific B,- or D-hordein promoter with or 
without its signal peptide seauence are constructed. 

Stable transformation 

Transformation of barley, wneat and rice is conaucted as previously described above and in Lemaux et 
a!., 1996; Cho et al.. 1998; Kim et aL, 1999. Barley trxh alone, barley nfraione or a mixture of both 
genes are used for bombardment with a Bio-Rad PDS-1000 He biolistic device (BioRad, Hercules, CA) 
at 900 or 1 100 psi. After obtaining transgenic lines, they arel analyzed for tests of reaox state, 
germinability, allergenicity, and baking quality. 

According to the above examples, otner tyDes of plants, are transformed in a similar manner to 
produce transgenic plants overexpressing thioredoxin and NTR either alone or in combination, such as 
transgenic wneat, nee, maize, oat. rye sorgnum. millet triticale. forage grass, turf grass, soybeans, 
lima beans, tomato, potato, soybean, cotton, tooacco etc. Further, it is understood that thtoredoxins 
other than wheat or oany thioredoxin or thioredoxin h can be used in the context of the invention. Such 
examples include spinach n: chioroolast thioreaoxin m and I bacterial thtoredoxins.<e.g., E. coli ) yeast, 
and animal and the like. In acdition, it is unaerstooo the NTR other man barley NTR protein also can 
be used in the context of the invention sucn as SDinach. wneat. and NTR of monocots and dicots. 

Thts invention has Deen aetaiied botn dv example and by descnption. It should be apoarent tnat one 
having oramary skill in the relevant an would be able to surmise eauivaients to the invention as 
aescnoed in tne claims wnicn follow out wntch would oe within the spirit of the foregoing aescnDtion. 
Those eauivaients are induced within the scope of this invention. All herein cited patents, patent 
applications, oubiications. references and references cited therein are hereby exDressiy incorporated 
by reference in tnetr entirety. 
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We claim: 

1 A recombinant nucleic acia encoding a thioreaoxin h protein comonsing a nucieic acid that 
hybridizes unaer high stnngency conditions to a sequence complementary to that set forth in 
Figure 2 (SEQ ID NO:1). 

2. The recombinant nucieic acid of claim 1 comprising a nucieic acid sequence as set forth in 
Figure 2 (SEQ ID NO:1). 

3. A recombinant nucieic acid encoding a thioredoxin h protein comprising a nucieic acid having 
at least 75% sequence identity to a sequence as set forth In Figure 2 (SEQ ID NO:1). 

4 A recombinant nucleic acid encoding an amino acid sequence as shown in Figure 1 (SEQ ID 

NO:2). 

5. A host ceil comprising the recombinant nucleic acid of claim 1 , 2. 3, or 4. 

6. An exoression vector compnsing the recombinant nucieic acid of claim 1 , 2, 3, or 4 operabiy 
jinked to a transcriptional regulatory sequence. 

7. A host cell comprising an expression vector comprising the recombinant nucleic acid of claim 
1 , 2, 3. or 4 operabiy linked to a transactional regulatory sequence active said host cell. 

8. A transgenic plant comDrising the recombinant nucleic acid of ctaim 1 , 2, 3, or 4. 

9. A transgenic plant comprising an expression vector comprising the recombinant nucieic acid of 
ctaim 1, 2. 3, or 4 operabiy linked to transcriptional regulatory sequences active in said plant 

10. A transgenic plant comprising a host cell comprising an expression vector comprising the 
recombinant nucieic acid of ctaim 1 , 2. 3, or 4 operabiy iinked to a transcnptionai regulatory 
seauence active in said cell. 

1 1 . The transgenic plant of claim 10 wnerein said host cell is a seed cell. 

12. A transgenic seed comprising the recomDinant nucleic acid of claim 1 , 2. 3. or 4 ooerably 
linked to transcriptional regulatory seauences active in said seec. 

13. A method of expressing a thioreaoxin h orotein comonsing cultunng a host cell compnsing th 
recombinant nucleic acid of claim 1 unaer conditions suitable for expression of said thioredoxin 
h protein 
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14. A method of expressing a thioredoxin h Drotem compnsmg cuituring a host cell comprising an 
expression vector compnsmg the recombinant nucleic aao of claim 1 operaoly linked to 
regulatory sequences active in said host cell unaer conditions suitable for xDression of said 
thioreaoxin h protein 



6 .15. A method of expressing a tnioredoxin h protein comonsmg cuituring a transgenic plant 

comonsmg the recomotnant nucleic acid of claim 1 under conditions suitable for expression of 
said thioredoxin h protein. 

16. A method of expressing a thioredoxin h protein comprising cuituring a transgenic plant 

1 1 comonsing an exoression vector comorising the recombinant nucleic acid of claim 1 operabiy 

linked to regulatory sequences active in said transgenic ptant under conditions suitable for 
expression of said thioredoxin h protein. 

17. A method of expressing a thioreaoxin h Drotein comprising cuitunng the transgenic seed of 
16 claim 12. 

18. The method of claim 13, 14, 15, 16, or 17 furtner comprising recovering said protein. 



21 



19. A recombinant thioredoxin h polypeptide encoded by the recombinant nucleic acid of claim 1 . 

20. A recombinant thioredoxin h polypeptide comonsmg an amino acid sequence having at least 
80% sequence identity with the sequence set forth in Figure 15 (SEQ ID NO:25). 

21 The recombinant thioredoxin h polypeptide of claim 20 wherein said sequence is set forth in 
26 Figure 1 5 (SEQ ID NO:25). 



22. An antibody that specifically binds to the recombinant polypeptide of claim 19. 

23. The antibody of claim 22 wnerein said antibody is a monoclonal antibody. 

31 

24. The antibody of claim 22 wherein said antibody inhibits a biochemical property of a 
recombinant thioreooxin h poiypeDtide compnsmg an ammo acia sequence having at ieast 
80% sequence identity with the seauence set forth in Figure 1 (SEQ ID NO:2). 

36 25. A method of identifying a bioactive agent that binds to a thioredoxin h polypeptide compnsmg 

an amino acid sequence having at (east 80% sequence identity with the seauence set forth in 
Figure 1 (SEQ ID NO:2), said method comonsina: 

a) comDining said thioreaoxin h polypeptide ana a candidate Dioactive agent; and 

b) determining the Pmding of said candiaate bioactive agent to said thioreaoxin n polypeptide. 
41 wn r by said bioactive agent is identified 
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26. A method of ioentifying a bioactive ag nt that modulates an activity of a thioreooxm h 
polypeptide comonsing an amino acic seouence naving at least 80% sequence identity witn 
tne seouence set forth in Figure 1 (SEQ ID NO;2). said method comprising; 

a) combining said thioredoxin h ooiypeptide and a candidate bioactive agentisj; and 

b) determining the effect of said candidate bioactive agent(s) on an activity of said thioreaoxin 
h poiypeptiae. 

27. The methoa of aaim 25 or 26. wherein step a) is combining said thioredoxin h polypeptide and 
a library of candidate bioactive agents. 

28. The methoo of claim 25 or 26 further comprising identifying said bioactive agent. 

29. A recombinant nucieic acid encoding an NTR protein comprising a nucleic acid that hybridizes 
under high stringency conditions to a sequence complementary to that set forth in Figure 5A 
(SEQ ID NO:10). 

30. The recombinant nucieic acid of claim 29 comprising a nucleic acid sequence as set forth in 
Figure 5A (SEQ ID NO:10). 

31 . A recombinant nucleic acid encoding an NTR protein comprising a nucleic acid having at least 
75% sequence identity to a sequence as set forth in Figure 5A (SEQ ID NO:10). 

32. A recombinant nucleic acid encoding an amino acid sequence as shown in Figure 4 (SEQ ID 

NO:9). 

33. A host ceil comonsing tne recombinant nucieic acid of claim 29, 30, 31 , or 32. 

34. An expression vector compnsing the recombinant nucieic acid of claim 29, 30, 31 , or 32 
operably linked to a transcriptional regulatory sequence. 

35. A host cell comprising an expression vector compnsing the recombinant nucleic acid of claim 
29. 30, 31 . or 32 operably linked to a transcriptional regulatory seouence active said host cell. 



36. A transgenic piant compnsing tne recombinant nucleic acid of claim 29. 30, 31. or 32. 

37. A transgenic plant comprising an expression vector comorising the recomoinant nucleic acid of 
claim 29, 30. 31, or 32 operably linKed to. transactional regulatory sequences active in said 
piant. 

38. A transgenic oiant comonsing a host cell comonsing an expression vector composing the 
recomoinant nucieic acid of claim 29. 3G, 31 . or 32 ooerably linKed to a transactional 
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regulatory s auence active tn saia cell. 

39. The transg nic piant of claim 38 wneretn said host cell is a seed cell. 

40. A transgenic seea comDnsmg tne recombinant nucleic acid of claim 29, 30, 31 . or 32 operably 
6 linked to transcriptional regulatory seauences active in said seed. 

41 . A method of expressing an NTR protein comonsing cultunng a host cell comprising the 
recombinant nucleic acid of claim 29 under conditions suitable for expression of said NTR 
protein. 



11 



16 



31 



42. A method of expressing an NTR protein comprising cultunng a host cell comprising an 
expression vector comprising the recombinant nucleic acid df claim 29 ODerabiv linked to 
regulatory sequences active in said host cell under conditions suitable for expression of said 
NTR protein. 

43. A method of expressing an NTR protein compnsing cultunng s transgenic olant comonsing the 
recombinant nucleic acid of claim 2S under conditions suitable for expression of said NTR 
protein. 



21 44. 



26 45. 



A method of expressing an NTR protein comprising cuituring a transgenic piant compnsing an 
expression vector compnsing the recombinant nucteic acid of claim 29 operably linked to 
regulatory sequences active in said transgenic piant under conditions suitable for expression 
of said NTR protein. 

A method of expressing an NTR protein compnsing cuituring the transgenic seed of claim 40. 



46. The method of claim 41 . 42, 43, 44, or 45 further comprising recovering said protein. 

47. a recombinant NTR polypeptide encoded by the recombinant nucleic acid of claim 29r 

48. A recombinant NTR polypeptide compnsing an amino acid sequence having at least 80% 
sequence iaentity with the seauence set forth in Figure 4 fSEQ ID NO:9) 

49. The recomomant NTR poiypeDtioe of claim 48 wherein said seauence is set forth in Figure * 
36 (SEQ ID NO:9). 

50. An antiboay tnat specifically bmas to the recombinant ooiypeDtide of claim 47. 



41 



51 The antibody of ciatm 50 wherein said antiboay is a monoclonal antiboay. 
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52. The antiboay of claim 50 wherein said antibody inhibits a biochemical property of a 

recombinant NTR poiypeptiae compnsing an ammo acta sequence having at least 80% 
sequence iaentity with the sequence set forth in Figure 4 (SEQ ID NO:9). 



53. A method of identifying a bioactive agent that binas to an NTR oorypeptide compnsing an 
amino acid seauence having at least 80% seauence identity with the seauence set forth in 
Figure 4 (SEQ ID NO:9), said method compnsing: 

a) combining said NTR poiypeotide and a candidate bioactive agent: and 

b) determining the binding of said candiaate bioactive agent to said NTR polypeptide, whereby 
said bioactive agent is identified. 

54. A method of identifying a bioactrve agent that modulates an activity of an NTR polypeptide 
comprising an amino acid sequence having at least 80% sequence identity with the sequence 
set forth in Figure 4 (SEQ ID NO:9), said method compnsing; 

a) combining said NTR polypeptide and a candidate bioacnve agent(s); and 

b) determining the effect of said candidate bioactive agent(s) on an activity of said NTR 
polypeptide. 

55. The method of claim 53 or 54, wherein step a) is combining said NTR polypeptide and a library 
of candidate bioactive agents. 

56. The method of claim 52 or 53 further comprising identifying said bioactive agent. 

57. The transgenic plant of claim 9, wherein said recombinant nucleic acid is overexpressed in 
said transgenic plant in comparison to a non-transgenic plant of the same speaes. 

56. The transgenic plant of claim 37, wherein said recombinant nucleic acid is overexoressed in 
said transgenic plant in comparison to a non-transgenic plant of the same species. 



59. An isolated nucleic acia encoding a thioredoxin h protein compnsing a nucleic acid that 
hybridizes under high stringency conditions to a sequence complementary to that set forth in 
Figure 2 (SEQ ID NO:1). 

60. The isoiatea nucleic acid of claim 59 comprising a nucteic acta seauence as set forth in Figure 
2 {SEQ !DNO:1). 

61. An isolated nucleic acid encootng a thioreooxin h protein comonsing a nucleic acid having at 
least 75% seauence identity to a seauence as set forth in Figure 2 (SEQ ID NO:1). 

62. An isolated nucleic acid encoamg an amino acia sequence as snown in Figure 1 (SEQ ID 

NO:2) 
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63. A transgenic Dian: comprising the isolated nucleic acid of claim 59. 60. 6 V or 62. 



64. A transgenic seed comonsing the isotatea nucieic acid of ciaim 59. 60, 61 . or 62 operabiy 
linked to transcriptional regulatory sequences active in said seed. 



65. A isolated nucleic acid encoding an NTR protein comonsing a nucleic acid that hyoridizes 
under high stringency conditions to a sequence comoiementary to that set fortn in Figure 5A 
(SEQ ID NO:10). 

66. The isolated nucleic acid of claim 65 comprising a nucleic acid seauence as set forth in Figure 
5A(SEQ ID NO:10). 

67 An isolated nucleic acid encoding an NTR protein comprising a nucleic actd having at least 
75% seauence iaentity to a sepuence as set forth in Figure 5A (SEQ ID NO:10). 

6B. An isolated nucieic acid encoding an amino acid sequence as shown in Figure 4 (SEQ ID 

NO:9). 

69. A transgenic ptant comprising the isolated nucleic acid of claim 65, 66, 67. 68, or 69. 

70. A transgenic seed comprising the recombinant nucieic acid of claim 65, 66. 67. 68. or 69. 
operabiy finked to transactional regulatory seauences active in said seed. 

71 . A transgenic plant or at least a part of said plant overexpressing a barley thioredoxin h protein. 

72. A transgenic plant or at least a part of said piant overexpressing a bartey NADP-thioredoxin 
reductase protein. 
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Figure 3 
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Figure 4 



l 
i 



jSAAAP 

j>M£LEra — ; 
Jgitk H 




GSGP 




291 
292 
285 



H. 
A. 
£. 



vulgare NTR 
thaliana NTR 
coli NTO 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare OTP 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 



Decoration 'Decoration 81*: Shade (with solid black) residues that match 
the Consensus exactly. 



B 



Percent Similarity 



0> 

u 


I 1 1 2 


I 3 


! 


Oi 
O 


1 HH 71.4 


I 3S.3 


i ! 


> 

C 


2 


25.4 \WMtL 


I 37.4 j 2 


Si 


3 


55.6 i 56.1 




u 




1 I 2 


I 3 


i 

■ ) 



H. vulgare NTR 
A. thaliana NTR 
£. coli NTR 



27.5 

25 20 t5 10 5 0 



A. thaliana NTR 
H. vulgare NTR 
£. coli NTR 



WO 00/58352 



5/19 

Figure 5 



PCT/US00/08566 



Percent Similarity 





1 


2 


3 






• 1 




58.2 


40.5 


1 


H. vuigare NTR 


2 


32.7 




34.9 


2 


A. thaliana NTR 


3 


45.3 


45.0 




3 


E. coli NTR 




1 


2 


3 







o 
c 

Q> 
O) 

Q) 

> 



Q) 
O 

a. 



D 



22.6 



A. thaliana NTR 
H. vulpare NTR 
E. ooiiNTR 



20 



15 



10 



T 
5 



WO 00/58352 



6/19 

Figure 5A 



PCT/US00/08566 




vulgare NTR 
thaliana NTR 
coli tTTR 

vulgare KTR 
Chaliana NTR 
coli KIR 

vulgare NTR 
Chaliana NTR 
coli NTR 

vulgare NTR 
Chaliana NTR 
coli NTR 

vulgare NTR 
chaliana NTR 
coli NTR 

vulgare NTR 
th&liana NTR 
coli NTR 

vulgare NTR 
Chaliana NTR 
coli NTR 

vulgare NTR 
Chaliana NTR 
coli NTR 

vulgare NTR 
chaliana NTR 
coli NTR 

vulgare NTR 
Chaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
Chaliana NTR 
coli NTR 

vulgare NTR 
Chaliana NTR 
coli NTO 

vulgare NTR 
chaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 



Cor. 



oration "Decoration tj • : Shade <with solid black! residues that match the 
sensus exactly. 



WO 00/58352 

7/19 

Figure 5B 



PCT/U SOU/08566 




-C^gCCOG— COGCOCAT- H. 
~"5aaAG — AGATGTGC- A. 
OCGATCAAATOOGTG E. 



683 
686 fiTOGtf 




9Si C£aC{2 
923 /£ccffi 

Decoration -Decoration Shade (with solid black) residues that rnatch the 

consensus named 'Consensus ci* exactly. 



vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTR 
coli NTR 

vulgare NTT< 
thaliana NTR 
coli NTR 

vulgare NTR 
thaliana NTT 
col i NTR 



WO 00/58352 



PCT/US00/08566 



8/19 



TmoREDOxiN h Constructs for Transformation 
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Sephadex G-50 Activity Profile of 
Thioredoxin from Barley Grains (+MDH) 
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Western Slot Analysis of Baney Grain 
Transformed with Wheat Thioredoxin 

SDS-PAGE: cv. Golden Promise 
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Exp. A: Spectrophotometry Assay 
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Exp. B: Native Activity Gel: Photo 
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Figure 14 
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Figure 15 
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Percent Germination of Transgenic Barley Grain 
Over-Expressing Wheat Thioredoxin 
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Different Relative Redox Status of Protein Fractions 
in Transgenic Barley Grain Over-Expressing 
Wheat Thioredoxin h vs. the Null Segregant: 

Dry and Germinating Grain 
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